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Geologically, the Sapan Dalam coal deposit of Indonesia consists of 
steeply dipping multi-seams of variable thickness which are interrupted by 
four major faults. The deposit had been proved with 27 drill holes at an 
average spacing of 200 metres. The existing mine had been planned manually 
and as such provides little flexibility to cope with changes in mining 
conditions. With the aid of a commercial mine planning package (developed by 
GEMCOM Service Inc.), computer aided technique was used to build the 
deposit model and evaluate its economic viability. The four basic phases of 
mine planning (exploration database management, deposit modelling, pit 
design, and production scheduling) were adopted.
The existing exploration data including drill hole log, surface 
topography, geology structures, and maps were converted into a computer 
based format. A database management package PC-XPLOR was used for 
capturing, processing, and displaying the data. The geometrical shape of the 
deposit was then created using GEO-MODEL package. This included two­
dimensional cross-sectional interpretation of 18 vertical sections and 26 
horizontal sections. A three-dimension block model with various rock-types, 
density, and coal qualities was created with PC-MINE module. A three­
dimensional gridded seam modelling technique was found to give a good 
representation of the deposit. Restored-surface and fault-block methods were 
used to incorporate the faults into the gridded seam model.
The WHITTLE 3D pit optimiser was used to generate two optimum 
pits with two different coal prices (domestic price of US$ 29.00/tonne and 
export price of US$ 32.63/tonne). Since the optimiser had been design for only 
fixed blocks, the gridded seam model had to be converted to partial fixed 
blocks prior to optimization. Smoothing and base controlling were also 
introduced to the pit to obtain a smoother and practical pits.
xii
Finally, production scheduling was conducted using a pushback 
generation approach. Eight economic models were built using PC-MINE and 
further optimized using WHITTLE 3D to produce eight nested pits. The nested 
pits then were used for pit sequencing and production scheduling. The case 





1.1 General overview of Sapan Dalam deposit
The Ombilin coal mine that started operation in the early 1880's is the 
oldest mining operation in Indonesia. The Ombilin Mine property with total 
measured reserve of 133,827,880 tonnes covers nine major coalfields in an area 
of 15,500 hectares. Sapan Dalam coalfield covers an area of 29 hectares and is 
one of four coalfields extracting coal by open-pit mine operation. Ombilin coal 
mine is located 65 km south-east of Padang in West Sumatra, Indonesia.
The Sapan Dalam deposit is surrounded by rivers in the south, roads in 
the south and west, and a power-plant in the south. The surface elevation of the 
area is between 200 m above sea level in the south and 350 m in the north. 
There is a major fault in the south-east, and mountains in the north.
The Ombilin Mine has both underground and surface mining 
operations. The surface mine is operated by truck and shovel method. The raw 
coal from the mine is transported by truck to the coal washery and processing 
plant. There are two coal washing plants with total capacity 400 tonnes per 
hour. The clean coal product is transported by trucks and railway train to Teluk 
Bayur coal port for export.
According to ASTM coal quality standards, Ombilin coal is classified as 
Bituminous High Volatile B Rank coal and is suitable for thermal or steaming 
coal. Ombilin coals are mainly used for power generating and coal firing in the 
cement industry. More than 60 per cent of the total coal production is exported 
to Japan, Malaysia, Korea, and Thailand. The domestic markets of Ombilin 
coal are restricted to the cement industries, small industries, and power plants.
The price of thermal coal typically for Ombilin coal is relatively stable in 
today's market. Based on company annual budget for the year 1993/94, the 
Ombilin thermal coal price is quoted at US$ 29.00 (f.o.r) and US$ 32.63 (f.o.b) 
air dried basis for domestic and export market respectively, at an exchange rate 
of US$ 1.00 equals Rp. 2,150.
The main information data available for Sapan Dalam area is 27 
exploration drill-holes from the work done by Directorate of Mineral Resources 
(DMR), Japan, and the company in 1975/76, 1971, 1987 respectively. This 
information data is extensively used to generate geological, seam structure and, 
topography maps, and coal reserves and quality reports. All the geological data 
used at Sapan Dalam coal-field are interpreted manually. These include hand 
drawn contour maps and geological sections.
1.2 Definition of the Problem
The coal seams of Sapan Dalam deposit consist of steeply dipping multi­
layers and narrow coal seams. The coal deposit strikes between 45° - 90° NE 
with the seams' inclination varying from 5° to 30° with average strike of 15° to
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the south. There are ten different coal seams split by shale, clay, silt and 
sandstone with coal thicknesses varying from 0.2 to 3.5 meters.
The geology of Sapan Dalam deposit is complex owing to the 
discontinuity of the deposit that is interrupted by three growth faults and one 
major fault. The fault inclinations vary from 72° to 80° with 4 to 85 meters of 
vertical displacement.
The existing mine planning (short, medium or long term) by the 
company is based on manual interpretation of the exploration data information. 
The existing manual technique hardly provides the flexibility for changes in 
mining conditions. The manual technique requires too much time and man­
power to develop a long-term mining program. With the complexities of the 
geological condition, to build a realistic geological model of the deposit even 
using a computer is a time consuming exercise. However, computer aided mine 
planning techniques provide flexibility to cope with any changes such as costs, 
prices, mining parameters, and geology. The main objective of this thesis was 
to adopt some of the existing commercial mine planning packages with the 
objective of evaluating the economic viability of the Sapan Dalam coal deposit.
1.3 Scope of Work
The aim of this case study is to utilize computer aided techniques to 
construct the geological model of Sapan Dalam coal and evaluate various long­
term mine planning and design strategies. The study follows four basic phases 
of mine planning from exploration database management, geological coal
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modelling, pit design and optimisation, and production scheduling. The 
computer packages used in this exercise were a GEMCOM Service Inc. suite of 
mine planning packages (PC-XPLOR, GEO-MODEL, GEM-SOLID, PC-MINE), 
WHITTLE 3D pit optimiser, and EXCEL5 spread-sheet. The specific tasks 
performed in this thesis are:
1. Create a geological model with the aid of computer,
2. Plan and design various mining scenarios with the aid of computer,




COMPUTER AIDED MINE PLANNING AND DESIGN
2.1 Introduction
The use of computers in the mining industry have increased 
significantly since the 1970s from main-frame to mini computers. Recent 
advances in computer technology have been increased in the power of smaller 
computers, reduced costs and greater use of mini computers in the mining 
industry for solving mining related problems. According to Chugh and Caudle 
(1987), high-speed computers have provided tools enabling: (1) consideration 
of all major factors affecting the project outcome, (2) efficient mine planning, 
and (3) development of management information systems for dynamic decision 
making. In general computing accuracy, quality, speed, interactiveness have 
increased their use in mining industry.
Various software packages have been developed, covering many aspects 
of mine planning, are available to the industry. These include GEMCOM, 
VULCAN, DATAMINE, SURPAC, MINEX-3D, TECH-BASE, MINCOM, 
MICROMINE, MEDSYSTEM, MICROLYNX, LYNX, GDM, MOSS and 
GEOSTAT SYSTEM. Most of these computer programs have been developed 
around the four main basic phases of mine planning i.e., (1) exploration
database management, (2) geological modelling of the mineral deposit, (3) 
three-dimensional block modelling, and (4) mine planning and scheduling.
2.2 Exploration Database Management
An exploration database management software package is generally 
used to prepare, to process and to validate geological and analytical 
information. Such a software provides a flexible database commonly required 
in geological modelling application. The database processing includes, (1) 
database generation, (2) data management, and (3) graphical display and 
plotting utilities.
2.2.1 Exploration Database Model
An exploration database model can be defined as a specific database 
model for storing exploration information and offering data relationship and 
validation. There are several major database models available with exploration 
data: (1) drill hole database, (2) point database, (3) polygon database, and (4) 
traverse database.
A drill hole database is used to store the drill hole information such as 
collar elevation, northing, easting, and down hole survey information. Each 
sample interval information must include lithologic code and information on 
ore quality parameter (Singhal, 1989). The drill hole data is always defined by 
three-dimensional cartesian coordinate system (X, Y, Z) and by directional data
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(dip and azimuth). The drill hole information is located at either a point or in 
interval distance along the drill hole line (Figure 2.1).
A point database is used to store information about a point located in 
space by a single coordinate in either two-dimension (X, Y) or three-dimension 
(X, Y, Z). Qualitative and quantitative information is included in such a 
database for each observed point (Figure 2.2). This type of data can be used to 
store any type of information such as rock-types, sample numbers, analysis 
result and description.
A polygon database is used to store the coordinates of points that make 
up polygons. Polygons consist of two- or three-dimensional coordinates that 
define line segments forming polygons. Polygons can be defined as either 
closed or open polygon. In practice, closed polygons are used for defining an 
area of interest such as mining or property boundaries, lease area, outcrops, etc. 
Open polygons can be used for defining surface features such as fault-lines, 
roads, etc (Figure 2.3).
A traverse database is used to store information at a point or in intervals 
located along the straight lines. Traverses are defined by a single coordinate at 
one end of the line, a direction (azimuth) and a traverse length, or by 
coordinates of each end of the traverse line as shown in Figure 2.4. Traverse 
database can be used for geological traverse mapping or structure mapping 
data.
7






*  % ' b
&r, «AA*
W «P3
Figure 2.2: Typical point data (after GEMCOM, 1992a)
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Figure 2.4: Typical traverse data (after GEMCOM, 1992a)
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2.2.2 Database Management Systems
Exploration database management used by many computer packages 
has different architecture or different arrangement and link of data elements 
within the database structure. There are three basic architectures of database 
management system that are commonly used i.e., the hierarchical databases, 
the network databases, and relational databases (Date, 1981).
Hierarchical or tree databases
In a hierarchical model or a tree structure, data are arranged in a tree 
structure in such a way that no element can have more than one parent 
(header); however each element can have a number of daughter elements at a 
lower level. Figure 2.5 shows a typical of tree structure database consists of a 
header with three daughters and six second-level daughters.
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There are two major disadvantages of hierarchical databases: (i) the 
system must move to the root of the tree in order to reach information from 
another branch, and back along the other branch; (ii) the entire database has to 
be rebuilt if the data structure has to be changed. This structure is ideal for a 
stable database over a long period of time and hence not ideal for geological 
data which need lots of changes during the mine life.
Network or plex databases
In network model or plex databases, data items or nodes can be linked 
to any other item or node, up, down, sideways directly in the network. This 
means a daughter can have more than one parent. The structure is less 
restrictive than an expanding or branching hierarchical-tree structure because 
there is no hierarchical implication and items or nodes can be interrelated in 
any direction (Figure 2.6).
Figure 2.6: Network structure databases
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A network structure can be simple or complex depending on the 
number of the items or node relationships. This structure is suitable for 
database with a significant number of relationships between items, where 
access from different points in the structure is essential, and when the link of 
items may or may not be directional. However, plex structure databases are 
complex and difficult to restructure and redesign the entire database 
(Gaydasch, 1988).
Relational databases
Unlike the first two structures (plex and tree), relational data does not 
have a definite structure. A relational database links the data in multi­
dimensional tables or relations. These databases do not require data 
relationships to be defined rigidly from the outset. In many cases some data 
redundancy may occur and slower access time may result. According to Rock 
et al. (1990), relational database may provide the best method for storage of 
geology data where:
- data relationships are not well understood or fixed at the time data is 
entered into database;
- the use of the data may change through the useful life of the database;
- certain well defined queries are likely to be made frequently;
- access generally will be by geologist/mining engineer rather than by 
professional computer programmers and therefore must be flexible and 
user friendly;
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- speed access to large volumes of information contained in the database is 
not critical;
- the database is expected to have a longer lifespan than the computer 
system, so that it may be moved onto a newer computer system in the 
future.
2.2.3 Data management
In geological terms, data management comprises entering of the new 
data followed by updating and processing of the existing data in conjunction 
with statistical data analysis and graphical display. Data management involves 
essential data handling such as inputting, viewing, sorting and filtering, 
manipulation and updating of geological data. The data analysis such as drill 
hole compositing, basic statistics and geostatistics studies are required both in 
evaluating the quality of information available in the exploration database and 
in modelling of a deposit. The graphical display is essential for data 
verification and getting an accurate interpretation of the geology so there any 
error can be corrected and assessed (Lambert and Ross-Watt, 1993).
Capturing the new data into the database model is generally done 
interactively using a database editor, a screen-driven format or by importing 
from an ASCII file. These options allow the user a flexibility to enter geologic 
information into a database. Typical geologic information in the database are:
- the drill hole information such as collar elevation,
- northing and easting coordinate;
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- the down-hole survey information such as lithologic code and ore quality 
of each sample interval;
- the coordinate of the area of interest such as mining boundaries, lease or 
property area, outcrops, fault-lines, oxidation zones, and other surface 
topography features such as river, road, building, and bridge.
To validate the geologic information inside the database, there are some 
options for updating data such as data manipulation, filtering and sorting 
data, extracting data.
2.2.4 Data analysis
The analysis of any data in a geological database is essential in an 
Exploration Database Management System especially for understanding the 
behaviour of the information. Data analysis options available in most mining 
planning packages include compositing, classical statistics, and geostatistical 
analysis.
Compositing is a process of combining short sample lengths into longer 
length using weighted average technique. A weighted average technique for 
compositing is commonly based on the sample length and in some cases the 
sample length may be weighted by some other value such as the sample 
density. The general equation for calculating the composite value of a series of 
sample is as follows:
(Sl*Wl + S2*W2+ Sn*Wn)
(Wl + W2+....+Wn)Composite = (2.1)
where:
S n  =  the va lu e o f  sam ple n
W n  = the w eig h tin g  fa c to r  o f  sa m p le n  (d en sity , len g th , o r to n n a ge)
The composite length that can be used for compositing reference is usually by 
equal length or equal interval of the sample, by the lithology interval length, or 
by bench height.
Prior to compositing the exploration data, it is vital that the raw data are 
statistically analysed to get a feel for how the data are spatially controlled. A 
review of arithmetic means, geometric means, median, standard deviation, 
coefficient of variance, skewness, and frequency distribution is very useful. The 
classic statistics assume that all samples are taken randomly and independently 
from one sample probability distribution.
Multivariate statistics is another option of statistical analysis for 
understanding the behaviour of the relationship between multiple variables. 
Filtering the data is necessary for defining subsets of data for multivariate 
statistics analysis. The multivariate statistics provide a number of tools for data 
analysis such as scattergrams, correlation coefficients, linear or simple 
regression.
Geostatistics provides tools to quantify and model the spatial correlation 
between samples data. The relationship approach involves knowledge of the 
actual sample positions or relationship between samples. Some of the basic 
tools are the variogram, block variance, estimation variance, and kriging.
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The variogram can be defined as a plot of the variance of paired sample 
measurements as a function of the distance between samples (Englund and 
Sparks, 1991; Kim, 1991).
Block variance is the variability associated with different support of 
samples. Estimation variance is referred to the variance of the error between 
the true value and the estimated value of sample.
Kriging is an estimator by weighted-moving-average interpolation 
method where the set of weights assigned to samples minimizes the estimator 
variance. This method is computed as a function of the variogram model and 
relative location of the sample and the block being estimated. Further 
explanation of kriging is provided in the next section.
2.2.5 Gridding and contouring data
Gridding and contouring are used for displaying the spatial distribution 
of geological data. Grids are used for preparing contour maps of variables 
such as grades or ore qualities, thicknesses, surface topography, or any value of 
the data base with coordinates. A grid is defined by a set of values or numbers 
arranged in regular pattern, usually square or rectangular in shape. Grids are 
made up of a matrix of rows and columns with estimated data values in grid 
cells at the intersection of the rows and columns.
The contouring process creates isochore lines or contour lines through 
points with equal value i.e., surface topography, isopach of mineral seam, 
overburden, and interburden. Once the grids have been created from original
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data, contours in plans or in sections can be created through a geological 
model. The basic parameters of contour profiles are the highest and lowest 
contour level, contour interval or contour spacing, smoothing factor, and 
contour label.
An interpolation technique is used to create the grid values from 
randomly distributed data. Some interpolation methods used to calculate data 
value at any location with no datum are based on two distinct methods. These 
are (i) a fitted function interpolation, and (ii) a weighted average interpolation 
(Watson, 1992). Fitted function interpolation methods utilize general behaviour 
of the surface by a set of coefficients in a polynomial of geographical function. 
This method tends to be a smoothing approach and in some cases local details 
may be submerged in the overall phenomena. The second interpolation method 
is a weighted moving average which emphasize local detail and the small-scale 
trends in the data. This approach is applicable to the unlimited data size that 
only involves moderately sized subsets of data, and dominated by local trends 
in the data. There are several interpolation methods based on fitted function or 
weighted average method. Some of the well-known and widely used 
interpolation techniques are: (1) inverse distance, (2) ordinary kriging, and (3) 
Laplace.
Inverse distance
Inverse distance methods are an interpolation technique utilized to 
calculate randomly distributed data by using distance as a weighting factor.
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The sets of parameters required in inverse distance technique are: search range, 
quadrant search, minimum and maximum number of samples to be included, 
and anisotropy factors. The maximum distance of sample to be searched from 
the centre point of each grid cell which will be used to interpolate the cell value 
is defined in search range parameter. The search range is applied in three­
dimensional direction as a spherical shape. However, the search range and a 
spherical shape volume can be modified to an ellipsoidal search volume by 
using anisotropy factor which is used for different direction of the 
mineralisation of ore deposit. The general formula for inverse distance 
interpolation is as follows (Watson, 1992):
F (x ,y )  = y  /(*»■> y f ) / 4 ”2 ^  N




F ( x ,y ) =  the va lu e o f  interpolation at point (x ,y )
N  = the n u m b e r  o f  data
f ( x t/y t) =  the observed  d ep en d en t variable at the data point (x vy )
4  = the d ista nce to the ith d a tu m  fro m  the interpolation point
n  = the p o w er o f  the distance
From the above equation, the technique assigns more weight to samples 
closer to the cell point and vice versa. The inverse squared distance method (n  
=  2) is commonly used for grid interpolation for the following conditions 
(GEMCOM, 1992c):
- a regular surface elevation grid
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- the block model with irregular row and column width,
- strong anisotropy in the sample data.
Kriging
Linear kriging or ordinary kriging is a geostatistical technique used for 
the local estimation by a moving weighted average of a surrounding samples' 
value (Kim, 1991). Ordinary kriging assumes that local means are not 
necessarily closely related to the population mean and therefore uses only the 
samples in the local neighbour for interpolation (Englund and Sparks, 1991). 
The two basic kriging types that can be used for data interpolation are point 
kriging and block kriging. Point kriging involves estimating a value of a point 
at a centre of a block from a set of nearby sample values. Block kriging is used 
to estimate the value of a block from a set of nearby sample values. Kriging 
technique can be used to create a grid of any spatial parameters such as surface 
elevation grids, rock mass qualities or vein grades, thickness, dips, strikes, etc. 
For more detail of kriging method refer to the grade modelling in the following 
section.
Laplace interpolation
Laplace interpolation method is a three-dimensional fitting technique 
that minimises local curvature differences. The idea of Laplace interpolation is 
superimposing a set of grid nodes on a region of data points, where values of
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interpolation data are obtained by readjusting the data value so that each node 
is an average of all its immediate neighbours (Watson, 1992).
The Laplace technique is easier to use and produces a smoother grid 
than the inverse distance or inverse distance squared interpolation. This 
technique is commonly used to create a pre-mining surface topography or 
gridded seam layers (bottom or top contact of seams). However, this technique 
is not recommended for irregular row and column width which need 
anisotropy interpolation. For grade or thickness grid interpolation it is not 
recommended to use a smoothing factor higher than zero to avoid negative 
grades or thicknesses.
2.3 Resource modelling
The main objective of resource modelling is to create a sensible and 
realistic deposit model from a set of geological data and features for mine 
planning purposes. The complexity of geologic features such as faults, folds, 
lithology of seams and topological surface often cause some difficulties for 
geological interpretation in three-dimensional shape. The advance of computer 
technology has increased the use of computerized geologic modelling modules 
in helping geologists and mining engineers to interpret the geologic 
information. The use of computer graphic interactive-modelling software has 
become essential for computer aided resource modelling especially for 
geometric modelling of deposits.
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Two modelling approachs commonly used to interpret geologic 
information are geometrical modelling and block modelling. Geometrical 
modelling technique is based on two-dimensional projection of geological 
information to sections or plans. This technique works on section-by-section or 
plan-by-plan using either individual or subsets of parallel sections or plans. 
Geological information for creating projection onto sections include digitised 
surface topography, exploration drill holes, and structure map. The block 
modelling technique works on three-dimensional blocks with each block 
representing the value of the resource such as ore qualities or grades, thickness, 
and economic value.
2.3.1 Geometrical modelling
Most geological and mining features have a complex geometry. In order 
to make a more nearly accurate interpretation of the resource, knowledge of the 
geometry of geological features such as topography, faults, folds, and ore 
boundary must be determined (Deverly and Courrioux, 1993).
The main objective of geometrical modelling is to create a projection of 
geological information onto subsets of sections or plans and to reconstruct the 
sections or plans in an appropriate three-dimensional manner. The main focus 
when geometrical modelling a coal deposit are: (1) surface topography 
modelling, (2) structural or fault modelling, and (3) layer modelling.
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Surface topography modelling
Surface topography contour maps are made up of lines with the same 
elevation. Intersection of the topographic surface with a section or a plan is 
essential for creating a geometrical model shape of the coal deposit. The 
surface intersection in sections or plans can be used as a boundary element 
when digitizing geometrical shape of a deposit model. The surface topography 
contour can be digitised or imported from a surveying map. Figure 2.7. shows 
an example of a topography surface data that is interpolated onto a section to 
obtain a surface intersection.
IN T E R S E C T IO N  P O IN T  O F  
S E C T IO N  L IN E  W IT H  C O N T O U R  L IN E
Figure 2.7: Interpolation surface onto sections (after GEMCOM, 1992b)
The two important methods used to create a surface topography model 
are (i) gridding and contouring technique, and (ii) faults modelling approach. 
Gridding and contouring technique from surveying data must be based on
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both the surface terrain condition and the number of surveying data. The 
probable form of the surface affects the choice of algorithm or interpolation 
method in other ways (Loudon, 1979). According to Loudon (1979), techniques 
commonly used to generate grid surfaces are the following:
- Calculating a regional trend surface for a general approximation to surface 
form and position in space.
- Spectral and autocorrelation analysis to describe the scale of variation of 
the surface.
- Slope analysis to consider the frequency and direction of slope
- Discontinuity analysis to cope with surface interruption such as faults and 
slope.
There are a number of computer interpolation methods that can be used for 
surface topography contouring (Table 2.1).
Table 2.1: Interpolation methods for surface contouring (after Watson, 1992)
Methods Assumption Characterization DisadvantageDistance-Based
Inv. Dist. W eighted  O bservation distance dependent approxim ation flat spots
Inv. Dist. W eighted  Gradients distance dependent proxim al polygon s flat spotsFitted Function
Lagran gian analytical classical overshoots
C ollocation characterization curve sm ooth m atrix inversion
M inim um  C urvature Splines characterization curve sm oothest m atrix inversion
K rig in g characterization curve probabilistic m atrix inversion
Relaxation dense data iterative data bounded









H erm ite dense data uses gradients m atrix inversion
Bezier dense data probabilistic control points
B-Spline dense data probabilistic control points
Taylor analytical n  derivatives m atrix inversion
Tension preferred shape shape-preserving m onotonic
Fourier periodic trigom etric double-univariateNeighbourhood-Based
Linear no assum ption
(area-based)
local data bounded
N onlinear no assum ption uses gradients slo w
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Structural modelling
The second important aspect of surface modelling is how to cope with 
surface interruption by features such as faults. In general, faults are present in 
nearly most geological deposit (Deverly and Courrioux, 1993). Therefore, 
reconstructing the exact location of the faults is needed for the accuracy of 
geological model. Most contouring programs assume a continuous surface and 
can not automatically identify faults from the basic input data (Jones et al., 
1986). Special techniques are required to incorporate the faults unless the 
contours are continuous from one side of the fault to the other. Faults change 
the surface contour trend and any contouring technique must be interrelated 
with faults. The four main methods used for modelling faults are: (a) fault- 
block method, (b) fault-trace method, (c) restored-surface method, and (d) 
fault-plane method (Jones et al., 1986).
The fault block method uses polygons to isolate individual fault blocks. 
Typically, several sides of a fault block polygon are fault traces. Some data 
points or hand-drawn contours are used to estimate grid nodes inside the 
polygon. For a vertical fault, the same set of fault block polygon is used for 
several subsequent surfaces. If a dipping fault plane must be modelled, a 
different set of polygons is required for each surface. This method is 
appropriate when working with either a few or hundreds of faults (Figure 2.8).
The fault-trace method uses fault-trace location and a special gridding 
algorithm to build a continuous faulted grid. The algorithm prevents data on 
one side of a fault to be used to calculate grid nodes on the other side. A fault
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trace represents the intersection of the fault and the surface. If the fault is 
vertical, the intersection will be a single line. In a non vertical fault, the trace 
will be two lines, one line representing the up-thrown intersection and the 
other one representing the down-thrown intersection of surface and fault. For a 
vertical fault, the same set of fault traces can be used for several subsequent 
surfaces. For a dipping fault, fault-traces are digitized for each surface and each 
structural surface is built independently (Figure 2.9).
B
(A) Contours of structural surface cut 
by four faults. Zero-throw fault traces 
separate the area into four fault blocks. 
(B^C) Alternative configurations for the 
fault-block polygons.
c
Figure 2.8: Typical fault-block polygon configuration (after Jones et al., 1986)
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Figure 2.9: Typical fault-traced contour map (after Jones et al., 1986)
The restored-surface method uses fault trace locations, throw, and the 
proportion of the surface affected by the fault to build a grid to represent a 
vertical displacement. The method restores horizon picks affected by the fault 
and gridded the restore picks in their pre-fault position. The grid is then 
faulted by adding the displacement grid. This method is used primarily for 
vertical displacement faults and is not practical for dipping fault plane (Figure 
2.10).
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The fault-plane method is used to map surfaces cut by dipping faults 
using enough data to build grids of the fault planes. Separate grids are built for 
the surface on each side of the fault. The fault-plane grids are then used to 
restrict the surface grids thus preventing them from projecting across the faults 
(Figure 2.11). This method is useful only for dipping faults with either normal 
or reverse faults. The method has the following characteristics that restrict its 
application in practice:
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(a) enough data must exist to grid the fault planes properly,
(b) special processing is required to handle faults that fade out within the 
map area,
(c) data on each fault block must be sufficient to build a grid for that 
portion of the surface.
(A) CO NTOURS DRAW N FO R A SURFACE CUT BY A  N O RM AL 
F A U LT T H A T  FADES O U T W ITHIN THE MAP AREA. DO TS RE­
PRESENT DATA LO CATIO NS FO R  TH E SURFACE. SQUARES 
REPR ESENT DATA LO CATIO N FO R  TH E FA U LT PLANE.
(B) A  PO LYG O N (HATCHURED AR EA ) REPRESENTS TH E POR­
TIO N  O F THE SURFACE NOT AFFEC TED  BY FAULT.
(C) BLOCK D IAG RAM  DISPLAY O F TH E CO M BINED F A U L T - 
PLANE SURFACE GRIDS.
c
Figure 2.11: Combining fault-plane and surface grid (after Jones et al., 1986)
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2.3.2 Block modelling
Block model refers to three dimensional representations of geological 
parameters. The parameters of an orebody which are modelled include the 
grade values as rock-type, density, thickness, economic value, and geological 
structures. Block modelling technique is based on dividing an orebody into a 
set of small blocks representing blocks of material in a model frame-work. The 
three-dimensional representation of an orebody is therefore defined in terms of 
the number of rows, columns, and levels in a cartesian coordinate system X, Y 
and Z. The dimension of a block (length, width and height) usually depends 
on geology, data available and mining practices.
There are seven types of model or block modelling techniques 
commonly used in practice (Williams, 1993). They are:
(i) regular block models
(ii) irregular block model,
(iii) gridded (seam) models,




According to Kim (1979) the modelling technique used for a particular 
ore body depends on : (1) the type of deposit - massive, tabular, or highly 
irregular, (2) the exploration and sampling method i.e., data type, data space, 
data quantity and quality, (3) the specific purpose of modelling technique i.e.,
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3D visualisation, mine design, pit optimisation, and scheduling (4) the level of 
accuracy.
Regular Block Model
In the regular block model, the ore body is divided into a set of fixed 
size three-dimension blocks with constant dimension in X, Y and Z direction in 
the model. Blocks can be defined with different heights, widths and lengths. In 
the case of surface mine, the vertical dimension of a block usually relates to the 
bench height or a multiple of the bench height. Horizontal dimensions of the 
blocks are fixed and do not vary from location to location (Figure 2.12). This 
model is best suited for massive and bedded deposits. The regular 3D fixed 
block model is the most widely used model due to the following advantages:
- the model was the first one to be developed and widely used
- it has a simple data structure and therefore enabled relatively easy 
data transfer across different software;
- the model is better suited for applying pit optimization algorithms;
- the model is well suited for updating as more information become 
available.
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Figure 2.12: Typical regular 3D fixed block model
Some of the disadvantages of regular block models are as follows:
- unsuitable for modelling complex surfaces or random point and line 
data type,
- accurate volumetric models require substantial model storage space and 
therefore the method gives volumetric approximations of the deposit.
Irregular Block Models
This model is suited for highly irregular, spotty, interrupted, and faulted 
deposits for which the 3D regular fixed block model is not well suited (Kim, 
1979). At least one dimension of each block on the horizontal or vertical plane is 
not fixed. However, the vertical dimension is usually fixed at bench height. An
31
irregular and spotty mineralization is defined by polygons on each plane 
(Figure 2.13). The irregular block model is similar to a regular block model but 
allows sub-blocking to better represent local geology. An irregular model has 
several advantages, which are:
- minimizes model storage space,
- more accurate volumetric and surface modelling than regular block 
models,
- suitable for open pit optimisation.
However, irregular block models have a complex data structure, and are 
unsuitable for modelling random point and line data type.
SUB-BLOCKING TO
Figure 2.13: Irregular block model
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Gridded Seam Models
In gridded seam modelling, a regular two-dimensional grid in plan is 
superimposed onto each seam (or vein in the case of gold), to fix the 
coordinates of each point on the seam as well as associated information. 
Consequently, the vertical dimension or the thickness at each grid point is 
variable for each stratum (ore or overburden) to give a 3D representation 
(Figure 2.14).
This model is the best choice for tabular and thin seams of both flat and steeply 
dipping deposits such as coal or bedded deposits. The gridded seam model is
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also useful for surface modelling, and minimizes model storage space 
compared to 3D fixed block models. There are several disadvantages of grid 
models:
- unsuitable for modelling point and line data type,
- not easy to model overfolded structure,
- not appropriate for large volumetric model.
2D Irregular Block or Cross-sectional Model
These are irregular shapes defined by polygons on a series of orthogonal 
shapes on parallel planes in either vertical or horizontal section. The models are 
assumed to extend between sets of parallel planes (Figure 2.15).
Figure 2.15: Cross-sectional model (after William, 1993)
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Sections or planes can be regularly spaced depending on the continuity 
of the deposit and the data spacing. This model is suitable for irregularly 
shaped volumes and simple surface modelling. A cross-sectional model is 
commonly used for a roll front type uranium deposit.
The cross-sectional model has the following disadvantages :
- not a full three-dimensional method,
- boundary between two shapes is often modelled twice,
- unsuitable for modelling point data,
- volumetries calculation are not accurate for a complex 3D solid,
- will not model regularly distributed data,
- gaps and overlaps between shapes can occur in this modelling.
Solid Model
There are two techniques available for generating a solid model i.e., 
geometrical primitive and wireframing. The first technique uses geometrical 
primitive shapes such as cube, cones, and polyhedrons to model geological 
shapes (Figure 2.16). The geometrical primitive method is commonly used in 
the computer-aided-design (CAD) technique which minimizes storage 
requirements and uses simple mathematical representation. Major 
disadvantages of using geometrical primitive are :
- complex collection of geometrical shapes to model a complex geology,
- interface between solids are modelled twice,
- gap and overlaps between shapes can occur.
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Wireframing is a modelling technique which uses a set of triangles or 
straight lines for delimiting an irregular three-dimension solid shape (Figure 
2.16). The solid model surface is the interface between two materials or 
attributes. All points on the surface are connected by straight line joints to 
provide a series of polygonal facets (or triangular facet). Wireframing solid 
models can be accurately used for modelling surfaces and irregular shapes 
which may be oriented in any direction. Due to the difficulty of defining the 
model shape, a cross-sectional or surface model is built first then converted to 
a solid model. Wireframing technique can not model regularly distributed data 
very well. Gaps and overlaps can occur between solids, and interface between 
solids are often modelled twice.
SOLID MODEL FROM GEOMETRICAL PRIM ITIVES SOLID MODEL FROM WIRE FRAMING
Figure 2.16: Solid models (after William, 1993)
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Surface Models
Two types of surface models can be used to model surfaces and solid. 
These are rectangular grids and triangular grids (Figure 2.17). The rectangular 
grid model defines a surface using an overlayed grid of data points with values 
at each data point. The triangular grids are defined by a set of connected 
triangles with values at each vertex. Surface models are generally unsuitable 
for overfolded surfaces. These models can accurately model surfaces and solids 
and can be built from either point or line data types. However, volume 
calculations between surfaces are often incorrect especially if surfaces do not 
exactly overlay each other (William, 1993).
Figure 2.17: Surface models (after William, 1993)
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String models consist of a sequence of x, y, and z coordinates with no 
additional attributes or values at each point. Joined points in a continuous 
series forms lines which can result in an open or closed polygon (Figure 2.18). 
The string model can be used to model point and line data which can then be 
converted to cross-sectional models. This model has simple data structure and 
is easy to define, and is suitable for simple surfaces. Flowever, this model is 
unsuitable for complex surface and solid modelling.
String Models
An appropriate modelling technique clearly depends on both geological 
and mining constraints. Integrated geological modelling and mine modelling 
software packages usually contain a range of the modelling technologies.
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Combinations of one or more modelling techniques are often used to model a 
complex geological model.
2.3.3 Grade Modelling
After selecting the appropriate modelling technique, a geological 
parameter such as grade values must be estimated for each block. Grade (or 
parameter) block modelling involves computing the grade (or parameter) 
values of each individual block within the area using the available samples. 
Some estimators commonly used in grade modelling are:
(1) polygonal estimator,
(2) inverse distance squared estimator, and
(3) geostatistical kriging method (either linear or non-linear estimator). 
Polygonal Method
The polygonal method assigns grade to each block by selecting the 
composite grade of the nearest sample or drill hole within a polygonal radius. 
The polygonal area is geometrically defined as the area of influence of sample 
or drill hole data of which each drill hole is at the centre of a polygon bounded 
by median line. The polygons being constructed by drawing in the 
perpendicular bisectors of lines that fall midway between adjacent point 
(Figure 2.19).
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Figure 2.19 Polygon construction for the polygonal estimator
The grades within a polygon (Figure 2.19) are assumed to be uniform or 
have a mean value equal to the value of the sample (in the centre) it contains. 
Some of the disadvantages of polygonal method are grade estimation at the 
boundaries of the polygon is unreal, and giving greater weight to isolated holes 
(King et al., 1982). An undervaluation is obtained when a low-value set of 
sample is used to estimate a block, and vice versa if a high value set is used will 
give an overvaluation.
Inverse Distance Method
The inverse distance square method estimates grade from sample within 
a certain radius of the block being estimated divided by the distance square 
from a sample to the block being estimated. The method gives greater weight to
40
nearby samples and lesser weight to distant samples. The basic equation for 
inverse distance estimator is (Watson, 1992):
F (x ,y )  = Y  /(*,-, y,-)/<*,"Za N




F (x ,y )  = the value o f  estim ation at point (x ,y )
N  = the n u m b e r  o f  data
f ( x t/y )  = the observed  d ep en d en t variable at the data point (x vy )  
di = the d istance to the t  d a tu m  fr o m  the interpolation point
n  =  dista nce fa c to r  (n  =  1 f o r  in v erse  d ista nce w eig h tin g  m etho d ; n  =  2 fo r
in v erse  squ a red  d istance m ethod).
Figure 2.20 shows a typical hypothetical block estimation from neighbouring 
samples using inverse distance squared method. The block value of the 
hypothetical block can be calculated as follow:
B =
Si x (<ny + S2 X7£f +  ^ 3 X +  S ^ +  S ,  x -7 46 (d6)2
+ + 1 + ■ + +
(2.4)
i d \ y  (d i y  ( d $ y  ( d * y  (d s y  (¿6)
From above equation and example, the technique assigns more weight to 
samples closer to the cell point and vice versa.
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Figure 2.20: Hypothetical example of inverse distance squared of block
estimation
Kriging Method
The block kriging method is used to estimate the grade value of a block 
from a set of nearby sample grade using a variogram model. The variogram 
model is an interpretation of the spatial correlation structure of the sample data 
set or the distance value relationship between samples. Clark (1980) defines the 
variogram as the variance of the differences in sample grades between points 
separated by a distance h. The variogram controls the way that kriging weights 
are assigned to samples during interpolation and control the quality of the 
result.
The general equation of variogram to calculate the variance of the 




y(h) = ^ 7 l [ « W - « ( i+ ,!)f
2y(h) = -^-X[s(*)-s(* + fc)]2
where:
y ( h ) =  the exp erim en ta l sem i-variogram  (o r variogram )
N = the n u m b e r  o f  pairs o f  sam ples
g ( x ) = the g ra d e  value o f  sam ple at a point x
g ( x  +  h ) = the g ra d e  value o f  sam ple at h  apart f ro m  a point x
The experimental variograms are calculated for as many different values 
of h  as possible. The calculated variograms are then plotted in a graph. The 
distance between the pairs of samples is plotted along the horizontal axis, and 
the value of the semi-variogram (variogram) along the vertical axis. The plotted 
semivariograms are fitted to some theoretical variogram models in order to 
determine the structure of a deposit and the behaviour of grade variations. The 
fitted variogram model chosen is used throughout the process of kriging for 
grade estimation. It is necessary to define the mineralogical structuring and 
trends within the deposit by means of directional variograms for each mineral 
population. Some basic variograms used to describe the geological continuity of 
the deposit are shown in Figure 2.21 and Table 2.2.
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Figure 2.21: Typical theoretical variogram models
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Table 2.2: Theoretical variogram model equations
Variogram Model 7(h) where
Spherical model C0 + C *{ f * © - i * 0 * * 3 }  
C Q +  C  
0
h < a  
h > =  a 
h =  0
Exponential model C0 + C *{1-exp  a} h > 0
Gaussian model C0 + C {l-e x p _<“)Z} h > 0
Linear model C 0 + C * h a h  >  0  
and
De Wisjian model C 0 + a *  In (h) h > 0
Cubic model C 0 +  C{7.0(i)2 - 8.75(f)3 +  35(f)5 -  0.75(f)7}
Notes: y(h ) =  the value of the variogram at distance 
h
C 0 = the nugget effect 
C = the sill of the model 
a = the range of the model 
h  = the lag distance between points
The estimated block grade in linear kriging is the weighted average of N 
sample grades in the following form:
N







*Z = the estim ate o f  the g ra d e  o f  a block o r  a point,
Z ( x )  -  the sam ple gra d es ,
Xi =  the w eigh ted  coefficient a ssig n ed  to Z ( x ) ,  chosen  to p ro v id e an  
u n b ia sed  estim ate a n d  m in im u m  estim ation variance.
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The estimation variance or the variance of error associated with estimating 
blocks is in the form (Brooker, 1980):
N _  _
c 2k = X X j (S;,v) - Y ( v,v) +  h (2.8)
i=1
where:
g 2k =  the k r ig in g  estim ation variance
y (S ifv ) =  the av era ge sem ivariogram  betw een the sam ple S i a n d  the
v o lu m e v  to be estim ated
y (v ,v ) = the av era ge o f  the sem ivariogram  betw een all pairs o f  points
inside v o lu m e v
\  =  the w eigh ted  coefficient associated w ith sam ple S i
(i = a n  u n k n o w n  constant in tro d u ced  in the m inim ization  process.
The key steps in the kriging method of geostatistical grade estimation 
are summarized as follows:
(1) Structural study to determine the semivariogram.
(2) Selection of samples to be used in evaluating the block.
(3) Calculation of the y  (variogram) of the kriging system of equations.
(4) Solution of the system equations to determine the optimal weighting 
coefficients.
(5) Use of these result to calculate the block estimation.
2.4 Economic Block Modelling
The objective of economic modelling is to calculate the economic value 
of a single block in the block model using given mining costs and price
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parameters. This value determines whether a block is mined or not. The 
economic model of each single block is calculated as a function of block grades, 
recoveries and cut-off grade, block density, cost and revenue data, and block 
location.
There are three basic rules used to calculate the value of a block for 
utlimate pit optimization purposes (Whittle, 1990). These are:
(1) Calculate the block value on the assumption that the block has been 
uncovered. No allowance is made for the cost of pre-stripping 
required to access the block. Any cut-off used to define ore should 
reflect the cost of processing and any extra cost of mining the block as 
ore rather than waste.
(2) Calculate the block value on the assumption that the block will be 
mined. If the block contains some ore that could profitably be 
processed, add the value of the ore even if the result is negative. No 
block containing rock is given a value of exactly zero unless the block 
will be treated as air.
(3) Include any cost that would stop if mining were stopped i.e., all day- 
to-day costs such as wages and fuel costs, on-site administration costs, 
head office administration costs (if the mine throughput is to be 
limited by the overall mining capacity or by the processing capacity), 
interest of the bank loans for day-to-day working capital, etc. 
Conversely, any cost that would not stop if mining stopped must be 
excluded.
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The basic formula used to calculate the economic revenue for each 
individual block is below:
E co n o m ic block v a lu e  = R ev en u e  - C ost (2.9)
where:
R ev en u e  =  s u m  o f  re v e n u e  p e r  each label o f  ore
C ost = w aste m in in g  o r ore m in in g  a n d  p ro cessin g  cost
Revenue
Revenues are calculated for each block classified as ore. The block 
revenue is calculated as a function of block volume, densities, mine call factor, 
rock-type metallurgical recoveries, block grades, and unit revenue of each label 
from the grade block model. The basic formula to calculate the block revenue 
is:
Block re v e n u e  (label t_J = Block v o lu m e x  D en sity  x  M in e  call fa c to r  x
R ev en u e  (label x  R eco v ery  (label
(2.10)
= v o lu m e calculated  f ro m  the block d im en sio n  (len g th  x  
w idth  x  thickness)
= obtained f r o m  the d en sity  block m odel 
=  g e n e ra l  reco v ery  fa c to r  applied  to all labels before the  
re v e n u e  is calculated f o r  each label, o r  show s the  
fu n c t io n  o f  labels to the re v e n u e
R ev en u e  (label = u n it  re v e n u e  o fp e r-to n n e  o f  o re  to be ea rn ed  on  each
g ra d e  la b e ls
R ecovery  (label tJ  = the m etallurgical reco v ery  fa c to r  appropriate to each
g ra d e  la b e ls  f o r  the rock- type o f  the block
where:
Block v o lu m e
D en sity  
M in e  call fa c to r
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Cost
There are three categories of economic parameters related to cost factors 
in the economic modelling , ie volumetric mining cost, variable haulage cost, 
and ore based mining cost
The volumetric mining cost is a rock-type dependent mining cost 
parameter which is calculated on the basis of rock type, block volume, and 
rock-type mining cost per unit volume. The rock-type volumetric cost consists 
of drilling cost, blasting cost, mining service cost, loading cost, fixed haulage 
cost, which are defined in a rock-type basis. The basic formula used to calculate 
the volumetric mining cost are below (GEMCOM, 1992):
V o lu m etric  m in in g  cost =  D rillin g  cost + B la stin g  cost + M in in g  serv ice  cost
+ L oa din g cost + F ix e d  ha u la ge cost (2.11)
where:
D rillin g  cost, B la stin g  cost, M in in g  serv ice  cost, L o a d in g  cost, a n d  F ix e d  
hau la ge c o s t :
=  Block v o lu m e  * u n it cost p e r  rock-type by u n it vo lu m e  
The second cost category is a variable haulage cost calculated for all 
blocks classified as waste, stock-pile, or ore. These costs are calculated on the 
basis of block volume, vertical haulage distance, the average horizontal haulage 
distance, and the unit haulage cost. The formulas of variable haulage cost are 
below (GEMCOM, 1992):
Block variable ha u la ge cost =  Block v o lu m e x  {(V ertica l distance
x  U n it vertical cost) +  (H orizontal d istance  
x  U n it horizontal cost)} (2.12)
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where:
Block v o lu m e  
V ertical d istance
U n it vertical cost
H orizo ntal d istance  
U n it horizontal cost
=  calculated  f r o m  block d im en sio n s  
= the d ifferen t betw een the bottom  elevation o f  the block  
a n d  the pit ex it o f  each m aterial type (m )
= u n it cost p e r  to n n e m aterial p er-m eters  vertical 
dista nce
=  the horizontal hau la ge d istance (m eters)
=  u n it  cost p e r  to n n e m aterial p er-m etres  horizontal 
distance
The third cost category is ore based mining cost that is calculated for all 
blocks classified as ore. There are five ore-based mining costs which are 
calculated as a function of block volume, block density, and unit mining costs 
per tonne. The five ore-based mining costs are for processing costs, mine 
administration costs, head-office administration costs and spare costs. The 
general formula used to calculate the ore based mining is given below:
O re  based m in in g  cost =  P ro cessin g  cost + M in e  adm inistration  cost +
H ea d  office adm inistration  cost +  S p a re  costs
(2.13)
where:
P ro cessin g , M in e  adm inistration , H ea d  office adm inistration , a n d  S p a re  costs
=  Block v o lu m e x  d en sity  x  each u n it  cost 
p e r  to n n e o f  ore m illed
P ro cessin g  cost =  the cost o f  p ro cessin g  a u n it  w eight o f
ore m illed
M in e  adm inistration  cost = on-site additional cost applied  to ore
blocks p er-to n n e  ore m illed
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H ea d  office adm inistration  cost =  head-office additional cost applied  to ore
blocks p er-to n n e  ore m illed
S p a re  costs =  additional cost applied  to ore blocks
su ch  as sm elter  cost, royalties, a n d  
transportation cost f o r  co n cen tra tes , etc.
Table 2.3 shows typical economic parameters which are used for 
economic block modelling in this thesis.
Table 2.3: Cost parameters for economic block modelling
A. Commodity Price ($/tonne)
B. Waste Stripping Cost: ($/m 3)
1. Drilling
2. Blasting
3. Fixed Load and Haul
4. Surface Hauling




c. Fixed Load and Haul ($ /m3)
d. Surface Hauling ($ /tonne/m)
2. Ore Handling and Processing: ($/tonne)
a. Processing
b. Transport
c. Port and Handling
d. Surveyor
D. Over-head and Administration: ($ /tonne)
1. Head Office
a. General & Administration
b. Depreciation
c. Equipment
d. Tax and Interest
2. Mine Office
a. General & Administration
b. Depreciation
c. Equipment
d. Tax and Interest
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2.5 Pit Optimisation
Pit optimisation is defined as "a term that is often used to mean the 
determination of the optimal pit limits for a given deposit under a given set of 
mining and economic constraints" (Schofield and Denby, 1993). The optimal pit 
finds the pit shape which encloses the maximum total value which is possible 
subject to the slope requirement (Whittle and Rozman, 1991). Pit optimisation 
has become essential since the recent difficulties in the mining industry as it 
helps to identify the optimum resource and mining limit to maximise mining 
revenue.
Many computer algorithms have been developed for pit optimisation. 
Zhao (1992) classified the various ultimate pit limit design algorithms into two 
categories, ie theoretical optimising algorithms and heuristic algorithms. The 
first group of algorithms were the only methods that could be mathematically 
proved to produce an optimal pit shape of an open-pit. The three techniques 
categorised as theoretical optimisers are: Lerchs-Grossmann's 3D graph 
algorithm, maximum network flow algorithm, and linear programming model. 
However, these methods are not universally applied and have had slow 
acceptance in the mining industry. These methods are also not easy to program 
and also not easy to incorporate variable slopes and roadways (Dowd and 
Onur, 1993).
The second group of algorithms are heuristic algorithms that work well 
in all cases but are less rigorously proved mathematically to obtain an optimum 
solution (Zhao, 1992). There are four families in the heuristic algorithms
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include dynamic programming, moving cone algorithms, and parametric 
function approach.
2.5.1 Lerchs-Grossmann algorithm
Two algorithms were proposed by Lerchs and Grossmann in 1965. They 
are two-dimensional algorithm and three-dimensional algorithms. The two­
dimensional approach algorithms only work on a single section independently 
at a time; it handles slopes one block up or down and one across on each 
section, then join the successive section up in a feasible manner (Whittle, 1990). 
The Lerchs-Grossmann method builds up a list of related blocks into a special 
graph in the form of branches of a directed tree (Figure 2.22). The solution is 
optimal but not truly practicable since the result needs a manual adjustment to 
obtain an optimal pit design.
The three-dimensional Lerchs-Grossmann (LG) algorithm is based on 
graph theory method and guarantees to find the optimum shape in three- 
dimensions subject to slope constraint, price and cost.
Structure arcs represent pit slope constraint and indicate the relationship 
between blocks that must be removed to mine a particular block. There are two 
types of branches i.e., 'strong' or positive branch and 'weak' or negative branch. 
A strong branch indicates positive total block value represented by an arc 
pointing away from the root of the tree, and vice versa for a weak branch. The 
LG method searches for structure arcs where some part of a strong branch lies 
below a weak branch and restructures them by combining the two branches,
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breaking a branch, or adding to the other branch. If there is no structure arc 
going from a strong branch to a weak branch, then all strong branches are taken 
together and define the optimum pit. There are a number of programs 
implementing this program for pit optimisation. Whittle Programming Pty. 
developed WHITTLE 3D software based on this algorithm and is the most 
popular pit optimiser in the Australian mining industry.

























Figure 2.22: Lerchs-Grossmann structure arcs generation in two-dimensions
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2.5.2 Network Flow Algorithm
The network flow algorithm gives an optimum solution in three- 
dimensions of block, and guarantees to find the sub-set of blocks with the 
absolute maximum value subject to slope constraint, where the effect of slope, 
price and cost can be measured accurately (Whittle, 1990). The network model 
of an orebody is constructed by addition of a source node and a sink node to its 
graph. Arcs are generated from the source to all positive nodes, and from all 
negative nodes of the graph to the sink. The algorithm searches for the 
maximum flow from the source to the sink (Dincer and Golosinski, 1993).
General steps of pit limit design using network flow technique are 
(Zhao, 1992):
(i) Transform a three-dimension mine block model into a network 
flow problem (Figure 2.23 ).
(ii) Solve this network flow problem for maximum flow by Operation 
Research techniques.
(iii) Delete all the waste nodes whose arcs are unsaturated from the 
network, together with all nodes that are linked with these waste 
nodes.
(iv) The nodes in the current network constitute the blocks within the 
optimum pit limit. The sum of the residual values of the arcs 
connecting the ore blocks and the source is the profit from the pit 
design.
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However, the algorithm is not widely used in the mining industry due to its 
disadvantages. The algorithm has a complexity of the data structure to 
represent a thousand possible arcs, which requires a huge computer memory 
and computation time and cost (Zhao, 1992).
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2.5.3 Linear Programming Model
Linear programming has been tried in ultimate pit limit design 
problems. The linear programming formulation for ultimate pit limit problems 
is shown below (Zhao, 1992; Huttagosol and Cameron, 1992):
Objective function: Maximize = l x i (2.14)
¿=1
constraint: -xf. +  x t <  0  i =  1 ,N
x , = 0 ,1  i = 1 ,N
where:
N  = total n u m b e r  o f  blocks o f  the m in e  m odel 
i = block n u m b e r  in  a m o re n a tu ra l 3 D  notation  
t =  set o f  o v erly in g  blocks w hich m u st be rem o v ed  before m in in g  block i
c{ = n et value o f  block i 
x. = 1 i f  block i is m in ed  
=  0  otherw ise.
Furthermore, Zhao (1992) illustrated that 100 x 100 x 50 number of blocks had 
nearly 126,633 constraints for a single block at the bottom of the model, and 
required more than 10 billion constraints for the whole block.
2.5.4 Dynamic Programming Model
Two-dimensional dynamic programming was originally devised by 
Lerchs and Grossmann (1965) using a two-dimensional cross section approach. 
The first truly three-dimensional dynamic programming for pit optimisation 
was proposed by Koenigsberg in 1982. The algorithm searches the block value
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information in a cross-section and investigates the relationship between levels 
within a column, and between column within a section (Figure 2.24).
Figure 2.24: Typical of block B (i , j ,  k )  with neighbour blocks in the backward
direction (after Zhao, 1992)
Koenigsberg's formulation used to search the pit value of the block (i,j,k) is as 
follows (Koenigsberg, 1982):
{  - P
Pijk =  M iik +  M a x  <
Si, j-1, k
~ P  + Px  SBS(Si),j-l,k-l ^  x  BSi,j-l,k-l
- P  + P1 S(BSi),j,k-l ^  L SBSi,j,k-l
(2.15)
- P + PN  ±  S(SBSi),j+l, k-1 ^  x  SSBSi,j+l, k-1
Where:
pV =  O ptim um  value o f pit on the block bijk
M llk =  Block colum n value fo r  a g iv en  block fc
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P Sl H k = P it va lu e on o n e  o f  the n ea rest n e ig h b o u r  blocks in the  
co lu m n  (j- l ,k )
PsBs(si),j-i,k-i = P it m lu e  ° n  a block w h ich  w as the op tim u m  n e ig h b o u r  block in  
the co lu m n  (j-1 , k -1 ), d ete rm in ed  d u r in g  the com putation  o f  
p
Si, j-1, k
P bsì,j-i,k-i = P it value on a block co lu m n  (  j - 1 ,  k -1 ) to be selected  as the
o p tim u m  n eig h b o u r  block, in the ev en t the selected  block  
bSBs<si),j-i,k-i tu rn s  out to be incom patible to both bijk a n d  block
l̂ BSi, j, k ‘
Wright (1990) used three-dimensional increments in the form of 
minimum removal cones over each block. Wright formulated a block pit value 
as follows:
/  - IP  - I M
j-ljc  l l v i j-l
Pijk = CiPc + M a x  <! - IP . - I M j
; + l  tjk
(2.16)
where:
P.. = O p tim u m  pit value on the block bi}
C. = M in im u m  rem oval co n e va lu e on b.
v V
IP L =  P LH, w hich  is equal to the pit va lu e on the block bL f o r  L =  i-1 , L = i  
a n d  L -  i+ 1
IM l =  P Ljl n  C ijk w hich  is equal to the su m  o f  all econom ic block value
w hich  a re  in  the in tersectio n  o f  the pit on  the block bL a n d  the co n e  
on the block bi}f o r  L = i - l f L =  i a n d  L =  i+ 1 .
Figure 2.25 shows a typical flow chart of the three-dimensional dynamic 
program which is the enhanced version of the program given by Wright (1991).
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Figure 2.25: Flow chart of three-dimension dynamic program (after Wright,
1991)
2.5.5 Moving Cone Algorithms
Moving cone algorithms have been widely used in the mining industry 
because they are easy to program and understand. The main idea of a moving 
cone algorithm is to allocate an inverted cone to every positive block 
throughout the pit and allocating positive value within the inverted cone
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against negative values within the cone. If the positive block in a cone remains 
positive then this cone is accepted as a member of the optimum solution. In 
other words the moving cone method will mine the blocks within the cone if 
the total value of the blocks inside the cone is positive. A General flow chart of 
the moving cone algorithm method is shown in Figure 2.26.
Figure 2.26: A typical flow chart of moving cone method (after Wright, 1990)
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This technique is simple and fast but has a problem of failing to generate a true 
optimum pit and also failing to detect a shared contribution between a cone 
and over-mine at the same time (Wright, 1990; and Zhao, 1992).
2.5.6 Parametric Function Approach
The main idea of the parametrization method is by parametrizing the pit 
design as a function of a number of variables such as ore price, mining cost, 
cut-off grades etc. It generates nested pits by repeated runs of optimizing 
algorithm during which the value of the each block is gradually changed 
(Dincer and Golosinski, 1993). The approach relies on the fact that the ultimate 
the pit maximizes both the quantity of ore and the net present value of the 
mine.
The basic procedures use do investigate the ultimate pit by 
parametrization are as follows (Dagdelen and Francois-Bongarcon, 1982):
(i) start the worst case (ie. lowest ore price)
(ii) find the ultimate pit under these assumed economic parameter
(iii) step to a slightly better level of economic parameter and find a new 
pit
(iv) continue in this manner until the whole range of values of interest are 
investigated.
The method is not rigorously optimal and requires excessive 
mathematical solution (Zhao, 1992). However, the sensitivity analysis 
conducted on the pits against changes of economic parameters facilitate the best
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sequencing approach of the operation and mine planning (Dincer and 
Golosinski, 1993). The interested reader may refer to the cited references.
2.5.7 New Graph Theory
Zhao and Kim (1992) recently proposed a graph theory approach to the 
design an ultimate pit. The algorithm truly produces an optimal solution in 
three-dimensional block model and it is claimed to be faster and requires less 
memory than the well-known Lerchs-Grossmann's algorithm (Zhao, 1992). The 
algorithm formulates the 3D block model into a directing graph consisting of 
many trees. The initial graph is constructed by setting the value of each vertex
(v) equal to the corresponding block value in the mine model and the imposed 
arcs to represent the pit slope constraints. Arcs are generated between ore 
(vertex) and waste (vertex) by removing the overlying waste block before 
mining the underlying ore blocks. The algorithm uses an iterative process to 
transform the initial graph into many directed trees. The algorithm stops when 
the set of the positive trees becomes the maximum closure of the three- 
dimension model, and represents the maximum feasible contour of maximum 
value representing the optimal pit limit.
The iterative process consists of the following steps (Zhao and Kim,
1992):
(1) If there a waste vertex v. (which belongs to a negative tree) it must be 
removed in order to expose an underlying ore vertex (which belongs 
to a positive tree), next go to step (2). Otherwise go to step (4).
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(2) Transform vertex v. and v. into root vertices if they are not the roots.
(3) Add an arc between vertices vi and z?.by the rules of arc generation. Go 
to step (1).
(4) Stop the iteration. The set of the vertices of all the positive trees in the 
final graph is a maximum closure of the mine model.
2.6 Production Scheduling
After the optimum pit limit has been established, the next step in mine 
planning is production scheduling. Production scheduling is referred to as a 
multiperiod extraction sequence to excavate the mineable reserve from the 
initial condition of the deposit to the ultimate pit limit.
There are two different approaches used for production scheduling i.e., 
mathematical optimization approach, and pushback approach. Both techniques 
are constrained by the ultimate pit limit algorithm of which a particular block 
can not be mined unless all the above blocks in the specified slope are removed 
(Zhao, 1992)
The mathematical approach of production scheduling is used to fit a 
production schedule problem into a mathematical optimisation solution. An 
integer linear programming algorithm is used to formulate the objective 
function and the constraints of the production scheduling problem. In practice, 
it is difficult to use an integer linear programming technique in production 
scheduling owing to the large amount of variables and constraints (Zhao, 1992). 
The production scheduling problem is also subjected to mining sequence
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constraints and practical constraints such as production capacity of ore and 
waste. Therefore the optimal solution is divided into two separate problems 
i.e., ultimate pit limit problem and capacity problem. The ultimate pit limit 
related to the mining sequence may be solved by the existing optimum pit 
algorithms.
The pushback method is a traditional trial and error approach widely 
used in mining industry. The pushback approach involves repeatedly running 
an optimum pit algorithm to base model to obtain a set of nested pits by 
incrementally changing product prices or cut-off grades. A number of nested 
pits can be generated by changing prices or cut-off grades which in turn can be 
used as the general direction of the pits' sequence (Figure 2.27). In general, 
higher product prices (lower cut-off grades) result in a larger pit and lower 
product prices (higher cut-off grades) result in a smaller pit. A general rule for 
setting the next best nested pit is constrained by the horizontal distance 
between any two nested pits. In general, the distance between the nested pits 
must be greater than the minimum mining width. After a series of nested pits is 
generated, mining reserves of ore and waste are calculated bench by bench 
through each incremental nested pit. Maximum revenue is achieved by 
proceeding through the mining schedule in the same way the nested pits are 
generated.
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2.7 Commercial Software and Mine Design
There are many integrated computer software packages used in the 
mining industry. Software packages have been developed for both the work 
station computer environment and IBM compatible micro-computer platforms. 
Table 2.4 shows some integrated computer-aided mining system software and 
their operation environment capability. Most of these software packages 
consists of:
- Database management
- Graphic and mapping
- Orebody modelling in 2 and 3 dimensions




Table 2.4: Integrated computer mining packages (after Gibbs, 1990-1993; Ferguson and Hooper, 1992)







Com puter type W /S & PC W/S PC W/S & PC W/S & PC WS&PC W/S W/S WS&PC
Drill hole 
database
Yes Yes Yes Yes Yes Yes Yes Yes Yes
Statistics Yes Yes Yes Yes Yes Yes Yes Yes
























Kriged grades Yes Yes Yes Yes Yes Yes Yes Yes Yes
Open-pit design Yes Yes Yes Yes Yes Yes Yes Yes Yes




















3D solid No No Yes Yes Yes Yes No
Survey Add-on Yes Yes Yes Add-on Add-on Add-on Yes Yes
Planning and 
Scheduling
Add-on Yes No Yes Yes Add-on Add-on Yes Yes
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2.8 An overview of computer software used in this case study
The four modules PC-XPLOR, GEO-MODEL, PC-MINE and GEM- 
SOLID developed by Gemcom Service Incorporation were used for computer 
aided modelling and mine design of Sapan Dalam Deposit. The WHITTLE 3D 
developed by Whittle Programming Pty has been used for pit optimisation in 
this study. EXCEL spreadsheet package developed by Microsoft Incorporation 
was used for summarizing the production data. Both the Gemcom System and 
WHITTLE optimiser are described below.
2.8.1 PC-XPLOR
PC-XPLOR is an integrated software for management, graphical display 
and analysis of exploration data. There are four data structure templates 
available in PC-XPLOR depending on the application. The four data types are 
point data, traverse data, drill hole data, and polygon data.
The three main modules of PC-XPLOR are database management, 
geometric definition, and application modules (Figure 2.28). Each module has 
further sub-modules which are hierarchical menu driven.
The data management module is used for creating databases, entering 
and editing data, filtering and indexing data, sorting data, making reports, and 
extracting and manipulating data. The module provides a series of utilities to 
create databases such as defining the number and type of databases. An 
interactive screen spreadsheet editor is provided for entering and editing data. 
However, there are many more ways of entering data such as digitizing, by
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importing and merging from text files. Once data has been entered into the 
database, the database management module provides facilities for filtering, 
indexing and sorting of data from the data-base and reporting to either screen, 
printer, or text files. An extraction data module provides some utilities for 
extracting subsets of data in a binary standard extraction file from the database 
base on user defined selection criteria or by clipping extracted data against a 
polygon. The data manipulation modules are used to perform various data 
transformations in the data base by simple conditional expression to transform 
and transfer data between tables.
SYSTEM MANAGEMENT































Figure 2.28: PC-XPLOR system menu (after GEMCOM, 1992a)
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A geometric definition module of PC-XPLOR is used to define vertical, 
inclined, or horizontal sections either individually or as sets of parallel sections. 
The location and size of rectangular grid used for preparing contour maps can 
be defined using predefined grid location sub-modules. Grids are two­
dimensional and arranged in columns and rows linked to a section or planview 
definition. To display a specific colour for graphics, the colour profile can be 
defined in a numeric range and text values.
The application modules provide utilities for displaying various data 
from the database to various sections such as drill hole plot, symbol plot, 
polygon plot and intersect each section with a digitised surface topography. A 
digitized surface topography sub-module is used for digitising and importing a 
contour map such as contour lines and feature line of the surface topography of 
the area covered, and to plot the digitised topography data onto a surface map. 
A data analysis sub-module provides utilities to perform detailed statistical 
and geostatistical analysis of any data in the data base. Some utilities in the 
data analysis sub-modules include data compositing, statistics and frequency 
distribution analysis, multi-variate statistics analysis, and drill hole semi- 
variogram. The gridding and contouring sub-module provides contours and 
display of random located data on any section or planview. Finally, plotting 
sub-modules interactively construct plot files on the graphic screen for editing 




GEO-MODEL software system is based on interactive graphics for 
geometrical modelling of both surface topography and ore bodies. Two 
modelling features for interpreting geological data in GEO-MODEL are 
geometrical modelling and reserve modelling (Figure 2.29)
Geometrical modelling is based on geometrical projection of geological 
information in a two-dimensional section to represent three dimensional 
exploration data. The sections can be vertical or horizontal sections and easily 
interpolate from one section to another section for further refinement (Figure 
2.30). Geological section interpretation can be done by digitizing plotted drill 
hole sections using a digitiser tablet or by screen digitising using a mouse on 
the displayed drill hole on the computer screen.
The reserve modelling function in GEO-MODEL is used for calculating 
reserve in section by section or plan by plan using the average end-area method 
for volume determination. The geological zone outline from GEO-MODEL can 
be used for three dimensional ore body. The geological outline is used to define 
a geological condition and the limits of a block model.
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Figure 2.29: GEO-MODEL system menu (after GEMCOM, 1992b)
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Figure 2.30: Interpolated sections from others sections (after GEMCOM,
1992b)
2.8.3 PC-MINE
PC-MINE software package integrates orebody modelling and mine 
planning for open-pit and underground mines. The orebody modelling 
modules are based on three different models. These are: (1) two-dimensional 
grid models; (2) three-dimensional block models; and (3) layered seam models 
of the ore body (Figure 2.31).
The two dimensional grid modelling technique is used to create a 
gridded model using inverse distance, kriging or polygonal methods, 
































Figure 2.31: PC-MINE system menu (after GEMCOM, 1992c)
Three dimensional modelling has the following utilities: (1) block 
models of geology, density, ore grades and economic parameters; (2) partial 
block model for complex geology; (3) models from polygonal data or by 
inverse distance or by kriging methods; (4) economic model in any cost and ore 
value; (5) block model manipulation; (6) maps and section; (7) ore reserve 
calculation by rock type and or by grade categories.
The gridded seam modelling submodule is used to model and modify 
block model that lies between defined gridded seam surfaces of a layered-type 
of deposit such as coal. This submodule checks for consistency of grids and is 
used to create seam thickness.
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The PC-MINE mine modelling and design modules consists of some 
submodules that can be used to generate pits, ramps, the waste dump and 
plans for short and long-term. Pit semi-optimisation can be generated by using 
cut-off grade categories. The PC-MINE mine modelling utility has a direct 
interface with the pit optimizing software WHITTLE 3D and WHITTLE 4D. An 
optimum pit from WHITTLE 3D and 4D can then be imported into PC-MINE 
for further mine design, mining sequencing and production scheduling.
2.8.4 GEM-SOLID
GEM-SOLID is a three-dimensional meshing and solid modelling 
software system for interactively modelling and viewing geology and mine 
workings. There are some options available in GEM-SOLID i.e., displaying 
sectional or planar geological interpretation, modelling 3D solids of structure 
and geology, displaying 3D drill holes from PC-XPLOR database, cutting 3D 
sections and displays, generating 3D headings and ramps, on-screen digitizing 
of development plans, and reserve estimation and reporting.
Three-dimensional solid modelling uses two-dimensional data from 
GEO-MODEL system which consists of sectional or planar lithology, grade or 
reserve outline interpretation. The three-dimensional geological modelling 
provides some options for (i) accessing any GEO-MODEL database, (ii) 
modelling 3Dimensional solids from ASCII data, (iii) modelling lithology or 
structure in three dimensions, (iv) displaying and rotating 3Dimensional solids 
or drill hole traces, (v) meshing polygons from one section corresponding to
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adjacent sections, (vi) identifying solids by zone names, quality value and 
colours, and (vii) transferring models to GEO-MODEL for two-dimensional 
modification.
GEM-SOLID provides tools for modelling mine workings especially for 
underground development such as stopes, drifts, headings, ramps, shafts, 
winzes, raises etc. Some options provided in three-dimensional development 
modelling are: (i) accessing sectional and planar excavation from any MINE­
MODEL or MINE-SURVEY database, (ii) defining cross-sectional profiles of 
mine workings and automatically generating three-dimensional solid from a 
digitized centre line, (iii) interactively digitizing development on plans and 
generateing working face solid models, (iv) identifying a solid by development 
name and specifying colours, (v) cutting and viewing a vertical section through 
solids, and (vi) editing development plans.
There are six types of reserve reporting format available in GEM-SOLID. 
These are geological volume, excavation volume, insitu block model reserve, 
mineable geological reserve, mineable block model reserve, and mineable 
geological/block model reserve report formats.
2.8.5 WHITTLE 3D
The WHITTLE 3D is a pit optimiser package implementation of the well 
known Lerchs-Grossmann algorithm. The software is offered as a stand-alone 
program or as an interface to some other integrated mining packages such as 
PC-MINE, GDM, MICROMINE, GEOSTAT SYSTEMS, MICROLYNX,
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MINESC APE /  MINESTAR, MOSS, SURPAC, DAT AMINE and VULCAN 
(Gibbs, 1990).
The pit optimiser is used to create an optimal pit outline for a given ore 
body which is defined as the one with the highest revenue. Furthermore, some 
parameters that affect the optimal pit outline are commodity price, production 
cost (mining, processing, refining and administration), ore recovery and 
ultimate pit slopes are required by the optimiser. The optimum outline pit from 
pit optimisation then can be used for further mine planning and scheduling.
The optimiser works on a regular block model. That is, all blocks in the 
base model should have the same rectangular dimension of which each block 
contains an economic value. The block sizes depend on the specific purpose of 
the optimisation. These are for outlining the orebody, for calculating block 
values, for designing pits, and for sensitivity analysis.
WHITTLE 3D provides five separate program modules. These are: 
LGED for editing Model Parameter Files, LGRB for manipulation of Economic 
Files, LGST for pre-calculating the slope requirement, LG3D for determining 
optimisation, and LGPR for printing simple plans and section of the pits.
LGED
The LGED module is used to create and edit model parameter files in a 
text file format which outlines the general information of the model frame work 
and how the optimization is to be done. Typical information of the model 
parameter files created by LGED module include some or all of the following:
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- dimensions of block in the X, Y and Z directions,
- dimensions of the model framework expressed as the number of blocks 
in the X, Y and Z directions,
- coordinates of the origin of the model framework defined as the lower 
south west corner of the framework,
- active block indicator specifies which block to be optimized,
- air flag to control whether air blocks are included or excluded during 
optimization,
- restart interval used to specify the time interval between periodical 
dumping data from memory to work file,
- general default waste value used for every block that is not included in 
the economic file,
- block limit in X, Y, Z directions of each sub-region specified by its lowest 
and highest block numbers in the X, Y and Z directions,
- number of benches for arc generation of each sub-region used for 
controlling the accuracy of the structure arcs generation,
- slope angle expressed in degrees from horizontal and bearing expressed 
in degrees clock-wise from the direction of positive Y of each sub-region,
- bottom bench for each phase.
LGRB
The LGRB module is used for manipulating economic files (ECO) 
obtained from the general mining package to the required format. It can be
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used to create a new economic file by combining blocks into bigger blocks or 
splitting blocks into smaller blocks. LGRB also can be used for extending and 
truncating the model framework in any direction, and joining different model 
frameworks to make a bigger model. Splitting blocks into smaller blocks is 
needed to improve the slope reproduction when blocks are wide in relation to 
the depth of the pit. The program operation of LGRB is shown in Figure 2.32.
LGST
The LGST module is used for preparing a file of structure arcs that 
describe the slopes required in a form that is suitable for use in optimization. 
The structure file created by the LGST program contains information on which 
other blocks must be mined to expose a particular block. The structure arcs are 
used to ensure that the required slopes are obeyed during optimization. The 
arcs are calculated from the block proportions, the sub-region limits and the 
bearing and slopes for each sub region defined in the model parameter file.
LG3D
The LG3D module is the main module which carries out the 
optimization to obtain the maximum total value from a given Model Parameter 
File (*.MPA), Economic File (*.ECO) and Structure File (*.STU) from the base 
model. The optimization is carried out through the blocks according to the 
Lerchs-Grossmann algorithm and write the result into a Result File (*.RES). The 
general operation flow of the LG3D module is shown in Figure 2.33
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LGPR
LGPR reads a result file and print simple plans and sections of the 
blocks to be mined. It prints plans and sections of the optimum pit outline 
using one character for each block such as: dots (.) for zero value block or air 
blocks, + or - character of the block value or phase number.
$0
Figure 2.32: LGRB Program operation flow chart (after WHITTLE, 1993)
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Figure 2.33: LG3D program operation flow chart (after WHITTLE, 1993)
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CHAPTER 3
COMPUTER AIDED MODELLING OF SAPAN DALAM COAL DEPOSIT
3.1 Introduction
The main objective of computer aided modelling of the Sapan Dalam 
coal deposit in this case study was to create a realistic coal model of the deposit 
for further mine planning and design. The coal deposit modelling of Sapan 
Dalam area was conducted through several stages from database management, 
geological modelling, and block modelling. An integrated computer software 
developed by GEMCOM Service Inc was used in this exercise. The four main 
packages are PC-XPLOR for exploration database management, GEO-MODEL 
for geological modelling, PC-MINE for block modelling, and GEM-SOLID for 
three-dimensional solid modelling verification.
3.2 Exploration Database Management
An exploration data processing software PC-XPLOR is used to create a 
flexible database model including database structure, data processing, 
geometric display and drill holes plotting, griding and contouring, and it offers 
a flexibility in data validation.
3.2.1 Database Structure
The database structure used in PC-XPLOR is a hierarchical or tree 
structure which consists of two main databases i.e., drill hole database and 
polygon database.
Twenty seven exploration drill holes from Sapan Dalam area and 
seventeen control drill holes from the nearby area, Kandi and Tanah-Hitam 
were used to model a coal deposit. The local latitudes of Sapan Dalam drill 
holes are northing -13094.520 to -12309.010, easting -11647.950 to -10626.420, 
and collar elevation from +214.250 to +325.220 m above sea level. Drill hole 
lengths vary from 20 to 157.80 metre (see Table 3.1). The local latitude of the 
additional 17 control drill holes from Kandi and Tanah-Hitam are northing - 
14097.860 to -12909.43 and easting -12520.19 to -11459.26. The drill hole 
information was summarized by a database made up of 5 tables:
i. Collar table
The collar table was used to store the coordinate and elevation of the 
drill hole collars, and length of the drill holes (Table 3.1).
ii. Survey Table
The survey table were used to store the drill holes azimuth and 
inclination. In this study all exploration drill holes were vertical holes. 
As shown in Table 3.2, each drill hole dips -90° to define a vertical 
down hole with bearing.
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Table 3.1: Collar location of Sapan Dalam drill holes
N O D H O L E L E N G T H E A S T IN G N O R T H IN G E L E V A T IO N
1 SD01 47.50 -11590.610 -12628.620 262.170
2 SD02 50.30 -11389.420 -12722.680 236.250
3 SD03 42.20 -11216.750 -12653.330 226.800
4 SD04 50.03 -11307.420 -12309.010 267.210
5 SD05 90.45 -11202.500 -12417.730 254.580
6 SD06 50.65 -11143.450 -12518.910 244.190
7 SD07 52.45 -11075.260 -12380.100 268.970
8 SD08 59.80 -11635.090 -13085.250 218.970
9 SD09 55.30 -11536.280 -12936.600 217.620
10 SD10 118.50 -11118.840 -13094.510 245.660
1 1 SD11 114.75 -11161.450 -13005.240 260.890
1 2 SD12 123.00 -10936.050 -12979.840 288.870
13 SD13 77.50 -11046.030 -12869.660 296.200
1 4 SD14 141.95 -10785.510 -12860.910 325.220
1 5 SD15 105.75 -10863.720 -12747.410 318.560
1 6 SD16 157.80 -10626.420 -12820.520 309.570
1 7 SD17 75.00 -11535.180 -12508.320 282.720
18 SD18 66.40 -11434.550 -12540.650 267.430
19 SD19 66.30 -11419.740 -12453.800 268.410
20 SD20 57.35 -11491.250 -12384.510 278.180
2 1 SD21 51.20 -11605.220 -12343.180 297.260
22 SD22 48.30 -11574.850 -12428.920 280.130
23 DH10 70.00 -11510.610 -12696.650 244.460
24 LB04 100.00 -11625.570 -12801.110 243.270
25 LB05 75.80 -11647.950 -12464.730 271.420
26 LB06 20.00 -11647.950 -12977.840 214.250
2 7 LB07 75.00 -11445.690 -12580.100 262.980
iii. Lithology Table
The lithology table was used to store rock-types and their thicknesses. 
In this study a rock was classified as either coal or waste. All non-coal 
rocks such as claystone, shale, silt, sandstone, etc. were classified as 
either interburdens (I) or overburdens (O). This classification was 
based on rock stratigraphy or position of waste toward coal seams. 
For an example, IC1C2 is interburden rock between coal seam Cl and 
C2 (Table 3.3).
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Table 3.2: Drill hole survey data
NO. DHOLE DISTANCE AZIMUTH DIP
1 SD01 47.50 0 -90
2 SD02 50.30 0 -90
3 SD03 42.20 0 -90
4 SD04 50.03 0 -90
5 SD05 90.45 0 -90
6 SD06 50.65 0 -90
7 SD07 52.45 0 -90
8 SD08 59.80 0 -90
9 SD09 55.30 0 -90
10 SD10 118.50 0 -90
11 SDII 114.75 0 -90
12 SD12 123.00 0 -90
13 SD13 77.50 0 -90
14 SD14 141.95 0 -90
15 SD15 105.75 0 -90
16 SD16 157.80 0 -90
17 SD17 75.00 0 -90
18 SD18 66.40 0 -90
19 SD19 66.30 0 -90
20 SD20 57.35 0 -90
21 SD21 51.20 0 -90
22 SD22 48.30 0 -90
23 DH10 70.00 0 -90
24 LB04 100.00 0 -90
25 LB05 75.80 0 -90
26 LB06 20.00 0 -90
27 LB07 75.00 0 -90
Table 3.3: Typical lithology table
DHOLE FROM TO ROCK-TYPE
SD01 0.00 9.00 O
SD01 9.00 9.30 CAI
SD01 9.30 15.60 IAB
SD01 15.60 16.45 CB1
SD01 16.45 28.50 IB1B2
SD01 28.50 30.50 CB2
SD01 30.50 37.75 IBC
SD01 37.75 38.95 CCI
SD01 38.95 39.83 IC1C2
SD01 39.83 41.40 CC2
$6
iv. Assay Table
The assay table is mainly used to store coal qualities and properties 
such as thickness (metre), volatile matter (%), fixed carbon (%), ash 
(%), sulfur (%), specific gravity, moisture content (inherent and free 
moisture in %), calorific value (kcal/kg), and free swelling index.
Table 3.4: Typical assay table
DH-ID FRO M TO TH ICK FM IM% VM % FC% ASH% s% cv FSI SG
SD01 9.00 9.30 0.30 - - - - - - - - -
SD01 15.60 16.45 0.85
SD01 28.50 30.50 2.00 - 2.50 39.90 54.60 3.00 0.41 7652 - 1.20
SD01 37.75 38.95 1.20 - 2.50 41.30 53.70 2.50 0.45 7686 - 1.21
SD01 39.83 41.40 1.55 - 2.70 39.40 54.20 3.70 0.58 7623 - 1.24
A polygon database was used to store polygon (mine boundary) or 
polylines (faults and seams). Two template tables were used to store the 
polygon database; these were the polygon table and the point table.
The polygon table is the header table used to store general information 
about the polygon as a whole that consists of the polygon ID and code for the 
polygon identification and description, and the polygon type for either an open 
or a closed polygon, and the polygon value.
The point table in the polygon database is used to store a single 
coordinate field (northing and easting) of each point that makes up the 
polygon.
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After creating the database structure, the available geological data was 




- sorting, filtering, and extraction of data
- exporting data.
i. Entering data
Data in the drill holes database was mostly imported from an ASCII file 
provided in appendix A. This is the most effective and easiest way to enter 
exploration data into the data base. An import profile had to be defined before 
importing an ASCII file into database. This profile defines a file format such as 
start and width of each column or field of imported ASCII file. Because of the 
hierarchical structure of the database, a lower table must have an index field to 
the upper or header table and must also be defined in the import profile too.
Geological structure such as faults, seam outcrops, and mine boundaries 




Data manipulation utility in the data base was used to calculate data 
field value. For example, the seam thickness in the lithology table was 
calculated by using the following relationship:
thickness =  ("  lithology :to "lithology:from  ") (3.1)
w here:
thickness =  resu lt  
lithology  = lithology table
to =  the v a lu e o f  "to" f ie ld  in  lithology table
f ro m  =  the value o f  "from  " fie ld  in lithology table.
ii. Data manipulation
Table 3.5: Typical data manipulation of lithology thickness
HOLE-ID FROM TO THICKNESS ROCK-TYPE
SD01 0.00 9.00 9.00 o
SD01 9.00 9.30 0.30 CAI
SD01 9.30 15.60 6.30 IAB
SD01 15.60 16.45 0.85 CB1
SD01 16.45 28.50 12.05 IB1B2
SD01 28.50 30.50 2.00 CB2
SD01 30.50 37.75 7.25 IBC
SD01 37.75 38.95 1.20 CCI
SD01 38.95 39.83 0.88 IC1C2
SD01 39.83 41.40 1.57 CC2
iii. Data compositing
A composite table in this database contains the average values of the coal 
quality on each lithology for different thicknesses. The general formula for 
calculating composite value inside PC-XPLOR is:
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Y Vi*Li*Wi + Y M * Lex.*W. + Y Lim *Wbk
composite value =  1 ---------------------— -— ^ ---------------------- i------------------
2 J Li*Wi +  Lexi +
(3.2)
where:
V, = va lu e f r o m  so u rce  f ie ld
U = len gth  o f  so u rce  interva l in  com posite
w , =  va lu e f ro m  w eig h tin g  f ie ld
B k =  b a ck gro u n d  value
W bk =  b a ck gro u n d  value f o r  w eig h tin g  f ie ld
L ex j =  L en g th  o f  explicit m iss in g  sam ple in  com posite
Lint, =  len g th  o f  im plicit m iss in g  sam ple in com posite
2 =  the su m  o f  the values.
The tables used during compositing are the assay table as a source table and 
the lithology table as a thickness reference table. The composite table is 
used in further application in geological modelling for grade reserve 
modelling and calculation.
iv. Sorting, filtering and extracting data
To obtain and select subsets of data from the data-base for further data 
processing, some data from the database needs to be sorted, filtered, and 
extracted. All the extracted data by both PC-XPLOR (for data analysis) and PC- 
MINE (for coal quality modelling) are created in a standard extraction file 
(*.mex) or ASCII (*.asc) file. The extracted data were filtered and sorted on the 
basis of a middle or centre thickness of each rock-type or each layer. Some
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important extraction data from PC-XPLOR database used in the data analysis 
and block modelling are:
- coal thickness of each seam
- surface elevation
- coal quality (VM, FC, CV, ASH, S, SG) of each seam
- seam base elevation
Extracted data such as coal thickness, surface elevation and seam base elevation 
were used for modelling seams in the block model. Coal quality parameters 
data such as volatile matter content (VM), ash content (ASH), sulfur content (S), 
specific gravity (SG), and calorific value (CV) were used for creating block 
grades block in PC-MINE.
v. Exporting data
Data may be exported from PC-XPLOR to other packages; the export 
data are usually in ASCII format or a standard extraction format. Typical 
export data from PC-XPLOR used for modelling are: fault data, surface 
elevation, coal outcrops or seam boundary polygon, coal thickness, coal quality 
and coal elevation (Table 3.6).
Table 3.6: Typical export files from PC-XPLOR for modelling
EXPORT DATA FILE USAGE PACKAGES
Faults ASCII Polygon modelling GEO-MODEL /  PC-MINE
Surface MEX Surface modelling PC-MINE /  GEO-MODEL
Coal boundaries ASCII Lithology GEO-MODEL
Coal thicknesses MEX Thickness PC-MINE
Coal quality MEX Grade modelling PC-MINE
Coal elevations MEX Gridseam PC-MINE
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3.2.3 Geometric display and drill holes plotting
PC-XPLOR has a built-in facility to create plots of exploration data and 
geological structure. The four faults of Sapan Dalam deposit and locations of 
the 27 drill holes shown in Figures 3.1 and 3.2 respectively. As shown at Figure 
3.1, the distribution of exploration drill holes are separated by a major fault into 
North-West area and South-East area. The drill holes spacings vary between 50 
to 200 metres in the North-West area, and between 100 to 200 metres in the 
South-East area. The model area is characterized by three parallel faults in the 
NNE direction and one fault in the NNW direction. As shown in Figure 3.2, the 
fault blocks were created by drawing imaginary lines from the fault edges to 
the map edges to isolate each block. These four blocks bounded by the fault 
polygons were used to control the coal seam model. A combination of fault- 
block and restore-surface technique was used for modelling the deposit; the 
four blocks were modelled separately and then combined into whole blocks.
3.2.4 Gridding and contouring
Gridding and contouring are useful tools for displaying the exploration 
data to check the data distribution within the area. Contouring is done for 
surface elevation, coal thickness and coal quality on each coal seam by using 
Laplace's interpolation (Figure 3.3 - 3.5). From Figure 3.4, it can be seen that 
the Sapan Dalam area had an undulating surface topography. It also shows 
from the overburden base elevation contour that the general strike of the coal 
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Figure 3.2: Fault-block zones of Sapan Dalam area
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Figure 3.3: Surface topography contour of Sapan Dalam
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Figure 3.4: Contour of overburden base elevation
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As depicted in Figure 3.5, the overburden thickness gradually increase to the 
South-East direction.
3.3 Geological Modelling
The main objective of geological modelling is to display and give a 
graphical view of the deposit shape in both vertical and horizontal sections. 
The GEO-MODEL package provides three different outlines i.e., lithology, 
grade, and reserve outline polygons. In this case study, lithology outline was 
used to display coal shape in section view. There are three main parts of 
geological model will be discussed:
i. geometric sections (horizontal and vertical)
ii. data references
iii. lithology outlines and identification 
3.3.1 Geometric sections definition
Geometric sections were used to interpret the lithological shape of the 
deposit into a series of two-dimensional planar sections. Fifty-four geological 
sections were created in two sets of perpendicularly vertical sections and one 
set of horizontal sections. The geometrical sections of Sapan Dalam coal deposit 
which have been built consists of:
- Series of 10 vertical sections in south-north (SN) direction with 200 metres 
of thickness projection (100 metres toward and away from the section). 
Figure 3.6.
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- Series of 18 vertical sections west-east (WE) direction with 100 metres of 
thickness projection (50 metres toward and away from the section). 
Figure 3.6.
- Series of 29 horizontal sections in plan-view (PL) with 10 metres of 
thickness projection (5 metres toward and away from the section). Figure 
3.7.
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Figure 3.6: Vertical sections layout
The distance between sections (or the thickness projection) used for the 
first series of the vertical sections (south-north direction) approximately equal 
to the average drill hole spacing in order to ensure adequate drill hole 
projections onto each section for referencing.
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In order to achieve a smooth lithological section, the thickness of the 
second series of vertical sections (in west-east direction) were less than (or half 
of) the south-north section's thickness. The second series of vertical section (in 
west-east direction) used digitised lithology of the first sections series (in south- 
north direction) as a reference by utilising section interpolation.
The plan-view sections located horizontal projections of the coal seams 
in a horizontal plane. The thickness of plan-view sections were kept at ten 
metres which correspond to the bench height of the Ombilin Mine.
Figure 3.7: Horizontal sections layout
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3.3.2 Data references
Each lithology outline in GEO-MODEL is represented by a polygon. The 
use of data references on geological section is to give a lithology reference for 
on-screen digitizing of a lithology polygon. To help position the outlines on the 
screen, the reference data are displayed on each section. The commonly 
references data used in this study are:
- drill hole data references
- surface topography intersection
- structure data references
- other section lithology outlines
i. Drill hole data references
These references only show a lithology delimiter with different colour 
profiles on each rock-type. The number of drill holes used as references on the 
section depend on the section thicknesses. For thicker sections, more drill hole 
wills be used as references. In other words, drill holes within a thickness 
projection will be displayed on a section and used as references for digitizing 
lithology polygon. The first series of sections are generated with 200 metres 
thickness projection (South-North sections) that display drill holes 100 metres 
toward and away from the section. The next series of sections use 100 metres 
thickness (West-East sections).
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ii. Surface topography intersection
An intersection between surface topography and geological section is 
one of the boundaries that bounds a lithology polygon in the section. To create 
a surface intersection, the surface topography was interpolated into a series of 
vertical sections (Figures 3.8 and 3.10). The intersection of the surface 
topography with the section line will automatically appear on the section for 
digitizing outlines.
iii. Structure data references
Structure data references include geological structures such as faults, 
outcrops, and other mine boundaries. The structure data is initially created on a 
horizontal section either by digitizing the structure into a polygon or importing 
it from a General Mine Packages (GMP). In this case study, structure data 
references such as fault zones and seam boundaries were imported from PC- 
XPLOR polygon database into the plan-view sections using GEO-MODEL 
utility to import polygon. This structure polygon then can be interpolated into a 
lithology reference section.
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Figure 3.8: Drill hole references on vertical section -12495WE (10WE)
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iv. Other sections lithology outline
Interpolating from other sections is useful for smoothing the geological 
section and obtaining more digitizing reference especially when there is not 
enough data reference on actual section. Ten lithology outlines in the south- 
north series of section were interpolated into the west-east sections and the 
planviews. To obtain a smoother seams' projection in the planview section, the 
digitised outlines of the second series section (west-east) also were interpolated 
into the plan-view.
3.3.3 Lithology outlining and identification
Lithology outline in a geological section is represented by a polygon. 
Outlining the lithology polygon requires a lithology data reference as a guide. 
The polygons are created by digitizing and connecting tick-marks of lithology 
references to shape the seam outlines. At this stage, outlining the lithology 
polygon needed geological interpretation for generating the appropriate 
polygon to represent the actual condition of the deposit. Outlining lithology in 
this case study was done using the following steps:
(1) Outlining the structure polygon such as seam boundaries, fault-zone 
blocks, and property area on a horizontal plan-view section. The 
referenced points of the structure outlines (seam, fault and property) 
were imported from PC-XPLOR database. The points referenced were 
digitized to make up the structure outline (Figure 3.9).
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(2) Outlining the lithology polygon in the south-north vertical sections. 
The lithology references used for digitizing lithology outline are: (i) 
drill hole projection from PC-XPLOR database, and (ii) structure 
references interpolated from planview.
(3) Outlining the lithology polygon in the west-east vertical sections. The 
lithology references used for digitizing the lithology outlines were: (i) 
drill hole projection from PC-XPLOR database, (ii) structure 
references interpolated from planview section, and (iii) outline 
references interpolated from the south-north sections. See Figure 3.10.
(4) Outlining the lithology polygon in the plan-view horizontal sections. 
The lithology references used for digitising the lithology outlines are: 
(i) structure references from the plan-view section, (ii) lithology 
outlines interpolated from both the south-north vertical sections and 
the west-east vertical sections. See Figure 3.11.
After digitizing the polygon outlines, the polygon rock-type must be 
defined for each layer of each section by identifying each lithology polygon. 
Each polygon was assigned a single rock-type code that had been previously 
defined in the geological material database.
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3.4 Orebody Modelling of Sapan Dalam Deposit
The objective of orebody or block modelling is to create a three­
dimensional representation of the coal deposit. The block model in this study 
contains a layer model, a rock-type model, a thickness model, a density model, 
and a grade model. After several attempts, the gridded seam modelling 
technique successfully creates more sensible coal layer deposit than that 
generated by a regular or a fixed block modelling technique. The following 
section discusses how the block model was created using the gridded seam 
modelling technique.
3.4.1 Gridded seams model
Coal layer modelling is similar to the surface gridding technique. The 
technique uses layer base elevations of each seam (coal and waste layer) instead 
of surface elevations for creating grids. The layer elevations are constructed 
from the top layer through to the bottom layer (Table 3.7 and Figure 3.12) by 
subtracting the upper surface elevation grid from the layer thickness using the 
following formula:
la y er base = la y er ro o f elevation  - la y er thick ness (3.3)
where:
la y er base =  base elevation  o f  la y er to be m o d elled
la y er ro o f eleva tion  =  base elevation o f u p p er la y er o r p red efin e
su rfa ce
la y er th ick n ess =  th ick n ess o f  la y er to be m odelled
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sotl
t2 SI = SO - tl
t3 S2 = SI - 12
t4 S3 = S2 - t3
15 S4 = S3 - 14
tn S5 = S4 - 15
tn+1 Sn = Sn-1 - 1
Sn+1 = Sn - tn-
Where :
SO = predefine surface elevation grid
Sn = base elevation of layer n
tn = thickness of layer n
Figure 3.12: Gridded seam modelling by thickness subtraction
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4 4 IN TERBURDEN  SEAM  A1-A2 C A I IA1A2
5 5 COAL SEA M  A2 IA1A2 CA2
6 6 IN TERBURDEN  SEAM  A2-A3 CA2 IA2A3
7 7 COAL SEAM  A3 IA2A3 CA3
8 8 IN TERBU RD EN  SEAM  A-B CA3 IAB
9 9 COAL SEAM  B1 IAB CB1
1 0 10 IN TERBU RD EN  SEA M  B1-B2 CB1 IB1B2
11 11 COAL SEAM  B2 IB1B2 CB2
1 2 12 IN TERBU RDEN  SEA M  B2-B3 CB2 IB2B3
13 13 COAL SEAM  B3 IB2B3 CB3
14 14 IN TERBU RDEN  SEAM  B3-B4 CB3 IB3B4
1 5 15 COAL SEA M  B4 IB3B4 CB4
1 6 16 IN TERBU RD EN  SEAM  B-C CB4 IBC
1 7 17 COAL SEAM  C l IBC C C I
1 8 18 IN TERBU RD EN  SEA M  C1-C2 C C I IC1C2
19 19 COAL SEAM  C2 IC1C2 CC2
2 0 20 IN TERBU RD EN  SEAM  C2-C3 CC2 IC2C3
21 21 COAL SEA M  C3 IC2C3 CC3
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The gridded seams were modelled using a combination of the fault- 
block and the restored-surface method. The seams are modelled separately as 
each block is delimited by fault zones and then recombined after adjusting the 
seam grids with the vertical displacement of each block. The major steps of the 
gridded seam modelling of the Sapan Dalam deposit are as follows:
(i) create surface topography grid covering all blocks,
(ii) create overburden base elevation grid of each block,
(iii) combine the overburden base elevation grid into the whole block,
(iv) create seam thickness grid of each layer,
(v) subtract the upper grid from the thickness grid on each block,
(vi) combine the elevation grid from all blocks on each layer,
(vii) display and check the gridded seam model.
The following sections describe and illustrate how the gridded seam model 
was created for the Sapan Dalam coal deposit.
(1) Surface topography
GEMCOM packages are designed in such a way that surface topography 
grid can be imported from one packag to the other. In this case study, the 
surface topography grid was constructed using the surface topography 
modelling sub-menu in PC-MINE. The surface topography grid or the initial 
surface grid was defined as surface grid number 1.
To obtain a representative surface grid, three sets of data were used for 
surface grid modelling. These sets of data were: (i) digitised surface
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topography, (ii) the Sapan Dalam drill hole collar, and (iii) the collars of drill 
hole from Kandi and Tanah Hitam area.
A hand-drawn surface topography contour map created by mine 
geologist was digitised into an ASCII file in X, Y and Z format. The Sapan 
Dalam drill hole collars for controlling the surface topography was merged into 
the digitised ASCII file. The 17 Outer drill holes from Kandi and Tanah Hitam 
area (Figure 3.13), with the same geological formation, were used to eliminate a 
flat grid which commonly occurs with Laplace's interpolation in the 
extrapolation area (south-west of Sapan Dalam area). These outer drill hole 
collar elevations were combined into the digitised surface ASCII file. The 
surface ASCII file then was interpolated using the Laplace technique provided 
in PC-MINE to create the initial surface topography grid (Figure 3.14).
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Figure 3.13: Sapan Dalam and outer drill holes control
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(2) Overburden base elevation grid
Since the overburden base elevation grid was used as an initial grid for 
creating the gridded seam model, the overburden base grid must be modelled 
accurately and should incorporate all the fault structures. Fault-blocks and 
restored-surface were used to construct the grid models which incorporated the 
fault structures. Some important details for creating overburden base elevation 
grids are:
- overburden grids were built separately for each block (blocks 1,2,3 
and 4),
- the faults separating the blocks were assumed to be vertical faults 
without lateral displacement,
- the vertical displacement (or throw) of faults was used for adjusting 
elevation data,
- the pre-faulting elevation of overburden base of each blocks were 
drawn to the original position by using the vertical displacement,
- an interpolation method was used to create the original (pre-faulting) 
overburden grid within a block,
- the pre-faulting overburden grid inside each block was clipped using 
fault-block polygon,
- the pre-faulting overburden grid of each block was adjusted by the 
vertical displacement to the actual position (after faulting),
- the overburden (after faulting) grids of blocks were combined to create 




After creating the overburden base elevation grid (Figure 3.15), the next 
step is to create the thickness grid for each layer (coal seams and waste). In 
order to avoid surface grid crosscutting between layers the gridded seam 
model was created by thickness grid subtraction from the overburden to the 
bottom. This method was found to work well for the Sapan Dalam coal deposit 
that has 20 layers of waste and thin coal.
In order to obtain realistic results, especially in the south-west area, 
some drill hole thickness values from Kandi and Tanah-hitam area were used 
as references. The thickness grid was then generated by using Laplace's 
interpolation for each layer using the actual thickness from the drill hole 
survey. The thickness layers were not affected by the fault interruption along 
the faulted-zone (Figure 3.16). The thickness grid was clipped inside each block 
using fault-block polygon (Figure 3.17) by assigning zero (thickness) outside 
each clipping block.
(4) Thickness subtraction
The layers modelling sequence in this case were started from the 
uppermost layer to the lowermost layer by subtracting the upper layer from the 
thickness layer once at a time. This process was done separately for each block 




Figure 3.17: Clipping thickness grid of seam Cl inside blocks
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PC-MINE provides real grid manipulation facilities for surface grid subtraction 
operation. The grids, either surface grids or thickness grids, were converted 
into their real grids value before their manipulation. The surface grids 
represent the elevation value (Z) of grids, and real grids represent the value of 
a grid at an elevation. The surface (real) grid values were converted back after 
subtract the surface (real) grids from thickness grids. The grid subtraction 
procedure is shown in Figure 3.12.
(5) Combining seam grids
After creating the layer grid from the top to the bottom level on each 
block, the grids were combined for all blocks (blocks 1 to 4) within the same 
layer or seam. The grid combinations were done sequentially by adding 2 grids 
from 2 blocks at a time and assigned zero outside the combined grids. For 
example, seam A1 from blocks 1 to 4 were combined follows:
CA112 =CA11 +CA12
CAI123 =CA1i 2 + CAI3
CAI1234 =  CA2j23 +  CAI4  (3 .4 )
where:
C A li = g r id  elevation  o f  base o f  seam  A1 block 1
CAI1234 =  g r id  eleva tion  o f  base o f  seam  A1 block 1,2,3,4
After grid combination of whole blocks, the fault zones can be 
recognised from the contour profile of the seams or the seams' profile in vertical
119
sections. As shown in Figure 3.18, the gridded seam model incorporates the 
fault's structure indirectly for each section. The fault zone is represented by a 
discontinuity of the seams on the right side of the Figure 3.18, it shows a 
normal fault with vertical displacement.
3.4.2 Rock-type model
The objective of rock-type modelling is to create a three-dimensional 
representation of the lithology. Twenty different layers which consisted of ten 
coal layers and ten waste layers were modelled. The rock-type modelling in the 
gridded seam model is based on layers or benches. Each seam or layer is 
assigned the same rock-type by controlling both the upper and the lower 
surface grid. The rock-type model was assigned an integer rock-code (Table 
3.8) i.e., or waste has a prefix of 1 and coal a prefix of 2. The PC-MINE program 
provides a sub-module to initialize part or all of block model by assigning 
rock-types for each level or layer of the model. For example, a level or layer 
number one was initialized by an integer value 1111 as the overburden rock­
code. Figure 3.19 shows a typical rock-type grid-plot of the Sapan Dalam 
model. The rock-type model was interpolated into the surface topography 
cross-section. The grids represent the dimensions of the block model and the 
integer values inside the blocks represent rock-code of the rock-type.
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Figure 3.19: Typical Sapan Dalam rock-type model on surface plotting
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Table 3.8: Rock-code for rock type modelling
RO CK -CO D E RO CK -TYPE D ESC RIPTIO N TO P GRID BO TTO M  GRID
1 1 1 1 OB Overburden 1 2
2 1 1 CAI Coal Seam A1 2 3
1 1 1 2 IA1A2 Interburden Al - A2 3 4
2 12 CA2 Coal Seam A2 4 5
112 3 IA2A3 Interburden A2 - A3 5 6
2 13 CA3 Coal Seam A3 6 7
1 1 0 1 IAB Interburden A - B 7 8
2 2 1 CB1 Coal Seam B1 8 9
1 2 1 2 IB1B2 Interburden B1 - B2 9 10
222 CB2 Coal Seam B2 10 11
12 2 3 IB2B3 Interburden B2 - B3 11 12
223 CB3 Coal Seam B3 12 13
12 3 4 IB3B4 Interburden B3 - B4 13 14
224 CB4 Coal Seam B4 14 15
12 0 1 IBC Interburden B - C 15 16
2 3 1 CCI Coal Seam Cl 16 17
1 3 12 IC1C2 Interburden Cl - C2 17 18
232 CC2 Coal Seam C2 18 19
13 2 3 IC2C3 Interburden C2 - C3 19 20
233 CC3 Coal Seam C3 20 21
3.4.3 Thickness block model
The main objective of thickness block modelling is to construct a block 
model of seam thickness based on the surface elevation grid that was created in 
the gridded seam modelling. The thickness value in the block model was used 
for tonnage reserve calculation of each block. The block thickness was created 
by subtraction the top elevation value from the bottom elevation value of each 
surface grids.
Before creating a thickness block model, a PC-MINE sub-module was 
used for validating the surface grids. The surface grid validation program was 
required to detect any cross-cutting between surface grids. If the grids were 
cross-cutting, the program would make adjustment through the lower surface 
grid. The seam validation checks negative seam thicknesses and reports the 
volume of each layer and any overlap volumes. After all the surface grids have
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been validated, the program automatically calculates the block thickness, by 
subtracting the top grid from the bottom grid for each block and saves the 
calculated thickness into the thickness block model (Figure 3.20).
3.4.4 Grade block model
The objective of grade block modelling in this case study was to create a 
coal quality model of the Sapan Dalam deposit. Four coal quality parameters 
were modelled into the grade block model i.e., volatile matter content (VM %), 
ash content (ASH %), sulfur content (S %), and calorific value (CV kcal/kg).
An inverse distance method was used for grade estimation through the 
block model. The three-dimensional inverse distance interpolation in the PC- 
MINE module uses data from a standard extraction file (*.MEX) and a rock­
type constraint to create a block model. The extraction files of each coal quality 
were generated for each rock-type using the extraction utility in PC-XPLOR 
database management system. There are 40 extraction files for modelling four 
grade models of 10 different coal seams. The rock-type constraint is used for 
filtering the interpolation for a particular rock-type.
The interpolation parameters for grade block modelling are as follows:
- interpolation into blocks with selected coal rock-type codes,
- sample restriction by rock-type codes,
- minimum number of samples to interpolate a block is 2
- maximum number of samples to interpolate a block is 10
- horizontal and vertical geometric anisotropy is 1
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- inverse distance power weighting factor is 1
- maximum distance to be included in the estimation process is 1500 
metres.
Figure 3.21 shows the grade values displayed in the block model 
representing three coal quality parameters for each block. In this case, the 
display program is limited only for three items at a time. The grade value can 
also be displayed by colour-coded plot based on the grade ranges.
3.5 Coal reserve calculation
Coal reserves of the Sapan Dalam mine was calculated for each layer or 
for each bench. The insitu reserve estimation as well as average coal qualities 
were calculated as a normal reserve without using a cut-off grade category 
except for coal thickness. In order to obtain a representative mining reserve, the 
minimum coal thickness for the reserve calculation was limited for coal 
thickness of more than 0.2 metre. The 0.2 metre coal thickness restriction used 
was based on the mining recovery that was 0.1 metre each for clearing on the 
roof and base of the coal seam.
The coal tonnage reserve calculation may be formulated as below:
R eserv e (to n n es) =  v o lu m e x  ore d en sity  (3.5)
= area (sq m ) x  thickness (m ) x  d en sity  (to n n e/b cm )
where:
area =  row  w idth  x  co lu m n  w idth o f  the block
thickness =  thickness g r id  va lu e f r o m  the thickness block m odel 
d en sity  =  d en sity  g r id  va lu e f r o m  the d en sity  block m odel
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2.3 2.4 2.4 2.4 2.3 2.3 2.2 2.0 1.9 1.8 1.6 1.5 1.3 1.2 1.0 .9 .8 .7 .6 .5 .4 .4 .4 .3
2.3 2.4 2.4 2.3 2.2 2.1 2.0 1.8 1.7 1.5 1.4 1.2 1.1 1.0 .8 .7 .6 .5 .5 .4 .4 .4 .3 .3
2.3 2.4 2.3 2.2 2.1 2.0 1.8 1.6 1.5 1.3 1.1 1.0 .9 .8 .7 .6 .5 .4 .4 .4 .3 .3 .3 .3
2.4 2.3 2.3 2.2 2.0 1.8 1.7 1.5 1.3 1.1 .9 .8 .7 .6 .5 .5 .4 .4 .3 .3 .3 .3 .3 .3
2.4 2.3 2.2 2.1 1.9 1.7 1.5 1.3 1.1 .9 .8 .6 .5 .5 .4 .4 .3 .3 .3 .3 .3 .3 .3 .3
2.4 2.3 2.2 2.0 1.8 1.6 1.4 1.2 1.0 .8 .6 .5 .4 .3 .3 .3 .3 .3 .3 .3 .3 .3 .3 .3
2.4 2.3 2.1 2.0 1.7 1.5 1.3 1.0 .8 .7 .5 .4 .3 .3 .2 .2 .2 .2 .3 .3 .3 .3 .3 .3
2.5 2.3 2.1 1.9 1.6 1.4 1.1 .9 .7 .6 .4 .3 .2 .2 .2 .2 .2 .2 .2 .3 .3 .3 .3 .3
2.5 2.3 2.1 1.8 1.6 1.3 1.0 .8 .6 .5 .4 .3 .2 .2 .2 .2 .2 .2 .2 .3 .3 .3 .3 .3
2.6 2.3 2.1 1.8 1.5 1.2 1.0 .7 .6 .4 .3 .2 .2 .1 .1 .2 .2 .2 .2 .2 .2 .2 .2 .2
2.7 2.4 2.0 1.7 1.4 1.2 .9 .7 .5 .4 .3 .2 .2 .1 .1 .1 .2 .2 .2 .2 .2 .2 .2 .2
2.7 2.4 2.0 1.7 1.4 1.1 .9 .7 .5 .4 .3 .2 .2 .1 .1 .1 .1 .2 .2 .2 .2 .2 .1 .1
2.8 2.4 2.1 1.7 1.4 1.2 .9 .7 .5 .4 .3 .2 .2 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1
2.8 2.5 2.1 1.8 1.5 1.2 1.0 .8 .6 .5 .4 .3 .2 .2 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1
2.9 2.5 2.2 1.9 1.6 1.3 1.1 .9 .7 .6 .5 .4 .3 .2 .2 .1 .1 .1 .1 .1 .1 .1 .1 .1
2.9 2.6 2.3 2.0 1.7 1.5 1.2 1.1 .9 .7 .6 .5 .4 .3 .2 .2 .1 .1 .1 .1 .1 .1 .1 .2
2.9 2.6 2.3 2.1 1.8 1.6 1.4 1.2 1.1 .9 .8 .6 .5 .4 .3 .2 .2 .2 .2 .2 .2 .2 .2 .3
2.9 2.7 2.4 2.2 2.0 1.8 1.6 1.4 1.3 1.1 .9 .8 .6 .5 .4 .3 .3 .3 .2 .2 .3 .3 .3 .4
Figure 3.20: Typical thickness (seam Cl) block model of Sapan Dalam deposit
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Figure 3.21: Typical of Sapan Dalam seam Cl grades block model, VM% (top), ASH % (middle), S% (bottom)
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The insitu coal reserve tabulated in Table 3.9 shows volume, tonnages, 
density, and average grade of each layer or seam. The average thickness of coal 
seams vary from the narrowest of 0.2 metre for the seam B4 to the thickest of
3.1 metres for seam Cl. The average coal qualities of the seams are from 30.44 
% to 39.31 % VM, 2.64 % to 23.0 % Ash, 0.6 % to 1.61 % Sulfur, and 5743.3 
kcal/kg to 7480.7 kcal/kg calorific value. The total average coal qualities were 
36.45 %, 8.86 %, 0.88 %, and 7005.56 kcal/kg for volatile matter content, ash 
content, sulfur content, and calorific value respectively.
Table 3.9: Insitu reserve of Sapan Dalam coal deposit
LEVEL V O LU M E D EN SITY TONNAGE AVERA G E G RADES
NO. D ESCRIPTIO N [THICK] VM ASH s cv
[8cm  xlOOO] [T/Bcm] [Tonnes xlOOO] [M] [%] [%] [%] [%]
1 Ll/OB 47992.9 2.44 117102.5 155.4 0 0 0 0
2 L2/A1 615.27 1.22 750.63 1.5 37.97 5.74 1.61 7194.1
3 L3/A1A2 85 2.44 207.4 0.7 0 0 0 0
4 L4/A2 344.8 1.22 420.66 2 37.93 2.73 0.79 7446.7
5 L5/A2A3 136.68 2.44 333.5 1.9 0 0 0 0
6 L6/A3 28.35 1.22 34.59 0.6 37.89 2.64 0.76 7458.3
7 L7/AB 7720.07 2.44 18836.81 9.9 0 0 0 0
8 L8/B1 338.11 1.23 415.87 0.6 30.44 23.07 1.17 5743.3
9 L9/B1B2 3508.51 2.44 8560.78 8.1 0 0 0 0
10 L10/B2 198.58 1.23 244.25 0.6 35.49 11.43 0.6 6816.1
11 L11/B2B3 2132.04 2.44 5202.17 6.9 0 0 0 0
12 L12/B3 208.86 1.23 256.89 0.5 33.87 14.53 0.67 6508.1
13 L13/B3B4 224.07 2.44 546.74 1.1 0 0 0 0
14 L14/B4 15.07 1.23 18.54 0.2 34.34 13.62 0.65 6598.6
15 L15/BC 15766.02 2.44 38468.94 13.7 0 0 0 0
16 L16/C1 1949.98 1.25 2437.48 3.1 38.11 5.84 0.68 7345.7
17 L17/C1C2 4927.2 2.44 12022.38 8.9 0 0 0 0
18 L18/C2 1398.18 1.25 1747.72 2.4 39.13 4.14 0.73 7480.7
19 L19/C2C3 2307.74 2.44 5630.87 6.9 0 0 0 0
20 L20/C3 603.71 1.25 754.64 1.6 39.31 4.92 1.19 7464
COAL 5700.91 1.233 7081.27 13.1 36.448 8.866 0.885 7005.56
WASTE 84800.23 2.44 206912.09 213.5 0 0 0 0
TOTAL 90501.15 2.365 213993.3 89.6 1.25 0.22 0.03 239.5
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The insitu coal reserve of the Sapan Dalam deposit is 7,081,270 metric- 
tonnes with 13.1 metres total coal thickness. There are 10 waste layers with a 
total amount of 84,800,230 bcm and 213.5 metres total thickness. The average 
overburden thickness is 155.4 metres and interburden waste thickness between 
coal seams vary from 0.6 metre (interburden between coal seams A1 and A2) to 
13.7 metres (interburden between coal seam B and C).
129
CHAPTER 4
MINE PLANNING AND DESIGN OF THE SAPAN DALAM COAL
DEPOSIT
4.1 Introduction
The main objective of the planning and design of the Sapan Dalam coal 
deposit was to develop an optimal mine plan based on mining parameters and 
economic constraints. The planning and design involves block model 
preparation, pit optimization, pit sequencing and production scheduling 
(Figure 4.1).
Block model preparation is required to create both a base geological 
block model and economic model required for pit optimization. As discussed 
in Chapter 3, the base ore body models were created using gridded seam 
modelling, instead of that of a traditional fixed block or regular block model, 
owing to the complex nature of the multiple seam. However, most pit 
optimisers, such as the WHITTLE 3D, optimize with regular fixed blocks of the 
ore body i.e., all the blocks must have the same dimensions. This means that 
the base block model has to be converted from the gridded seam model, which 
had been created, to a regular block model or a fixed block using PC-MINE 
before the WHITTLE 3D pit optimiser could be used.




















! v  !
PRODUCTION SCHEDULING
Figure 4.1: Mine planning and design stages
After converting the gridded seam to a regular block model, two 
economic models for both domestic and export coal markets were created 
based on different coal market prices. The economic models were built using 
PC-MINE and then exported to WHITTLE 3D format as a base model for pit 
optimization.
The WHITTLE 3D pit optimiser searches an optimum pit limit using the 
Lersch-Grossman algorithm that determines the highest economic revenue 
from a given economic base model. The optimum pit from the pit optimiser
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was finally exported to PC-MINE for pit smoothing and mining reserve 
calculations.
Pit sequencing and production scheduling were developed from the 
ultimate optimum pit limit by generating nested pits to give the highest 
economic revenue for various economic parameters. A sensitivity analysis of 
the optimum economic base model was done by reducing the coal price within 
the base model to create nested or subsequent pits. The nested pits were 
adopted for pit sequencing and production scheduling using a spread-sheet.
4.2. Base Model Preparation
The Sapan Dalam coal deposit consists of ten different coal seams with 
thickness between 0.1 and 5 metres and interrupted by four major faults. This 
geological complexity was the main factor controlling the geological model 
size. However, a very small block size was not practical owing to the limited 
amount of exploration data in such a large area, disk storage restriction, and 
computing time problems. Furthermore, the PC-MINE used for block 
modelling limited the number of blocks in the model as follows:
- the maximum number of rows or columns or levels is 256
- the combined maximum number of rows and levels is such that
(number of levels) * (number of rows) must not exceed 32,760.
or the total number of blocks in the block model must not exceed 32,760 x 256 
blocks (or 8,386,560 blocks). The program limitation dictates that a block cannot 
be smaller than 10 x 10 x 1 metres for the size of the Sapan Dalam coal deposit. 
Another problem of a standard regular or fixed block model is difficulty in
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obtaining an accurate coal tonnage within a block unless the block size is 
smaller than the coal thickness.
A partial fixed block option available in PC-MINE was used to model 
the Sapan Dalam coal deposit covering 1320 x 1320 x 204 (length x width x 
thickness) cubic-metres. Firstly, the partial blocks reasonably model multi­
seams and narrow layers thus avoiding using very small block sizes. The 
partial block model is a regular or fixed block in which all the blocks have the 
same dimensions and each block can be assigned two different materials, coal 
and waste. Secondly, to calculate coal tonnage in each block PC-MINE uses the 
percentage of ore or coal instead of coal or block thickness. The partial block 
assigns a coal percentage based on the proportion of block inside the coal seam 
that is also used to calculate the coal tonnage inside the block.
There are three major steps in building a base geological block model 
required for pit optimization. These are: (i) partial block modelling, (ii) 
economic modelling, and (iii) exporting base model.
4.2.1 Partial block modelling
Partial block modelling was created for the potential mining area by 
reducing the base area from 1700 x 1700 square-metres to 1320 x 1320 square- 
metres in order to reduce the computing time and computer space requirement 
(Figure 4.2).
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Figure 4.2: Sapan Dalam mining area for pit optimization
The number of blocks for the area is 3,554,496 i.e., 132 x 132 x 204 blocks 
(NX x NY x NZ) with a block dimension 10 x 10 x 1 cubic-metres (DX x DY x 
DZ), where NX is the number of easting blocks, NY is the number of northing 
blocks, NZ is the number of benches, DX is the block dimension in easting, DY 
is the block dimension in northing, and DZ is bench height.
The partial block modelling in this exercise uses both the gridded seam 
and polygon control to allocate a rock type to a block. If a block is located 
below or at a given surface grid and inside a given polygon, the block was 
assigned a rock type defined in the polygon, otherwise the whole block was 
treated as an air block or a predefined (default) block. For example, if a block 
is below surface grid No.l shown in Table 4.1 and lies inside the area polygon
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then the block is defined as overburden (rock code 1111). There are three 
options for assigning a block if the grids crosscut through the block:
- include the whole block
- include the whole block if more than half is below the grid
- exclude the whole block
The first option is best for surface topography modelling. The second option is 
used for modelling an ore interface while the third option is best for ore base 
modelling. The block modelling stage starts from the uppermost surface (initial 
surface topography) grid to the lowermost grid through subsequent grids 
(Table 4.1).





LAYER BELOW SURFACE GRID ROCK­
CODE
NOTE
1 1 OVERBURDEN 1111 % ORE = 0
2 2 COAL SEAM A1 211
3 3 INTERBURDEN A1-A2 1112 % ORE = 0
4 4 COAL SEAM A2 212
5 5 INTERBURDEN SEAM A2-A3 1123 % ORE = 0
6 6 COAL SEAM A3 213
7 7 INTERBURDEN SEAM A - B 1101 % ORE = 0
8 8 COAL SEAM B1 221
9 9 INTERBURDEN SEAM B1-B2 1212 % ORE = 0
10 10 COAL SEAM B2 222
11 11 INTERBURDEN SEAM B2-B3 1223 % ORE = 0
12 12 COAL SEAM B3 223
13 13 INTERBURDEN SEAM B3-B4 1234 % ORE = 0
14 14 COAL SEAM B4 224
15 15 INTERBURDEN SEAM B - C 1201 % ORE = 0
16 16 COAL SEAM Cl 231
17 17 INTERBURDEN SEAM C1-C2 1312 % ORE = 0
18 18 COAL SEAM C2 232
19 19 INTERBURDEN SEAM C2-C3 1323 % ORE = 0
20 20 COAL SEAM C3 233
21 21 BEDROCK 1000 % ORE = 0
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Figure 4.3: Typical grid cross-section of Sapan Dalam partial block model
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The PC-MINE module searchs for a fraction of block within the polygon (Fp) 
and a fraction of the block below the surface (Fs) and then accumulates these 
fractions into the percentage of ore (coal) in the block model. The percentage 
ore model is performed concurrently with coal block modelling. The important 
procedure of block modelling using surface and polygon control inside PC- 
MINE module is that once the ore percentage model had been created, it can 
not be updated for the next subsequent coal layer.
For example in modelling coal seam A l, the PC-MINE module assigns 
the percentage of all blocks below seam A l as a hundred per cent ore or coal. 
This means it is necessary that the ore percentage below the coal layer should 
be initialized or assigned to zero (0) after modelling the coal layer or before 
starting to model the next subsequent coal seam.
4.2.2 Economic Modelling
Economic modelling of the Sapan Dalam area was done based on the 
percentage of (coal) ore model and given economic parameters. The basic 
formula used to calculate the economic revenue for each block in PC-MINE is 
given below:
E co n o m ic  block va lu e =  R e v e n u e  - C ost (4.1)
where:
R ev en u e  =  s u m  o f  re v e n u e  p e r  each  label o f  ore
=  O for w aste
C ost =  w aste m in in g  o r ore m in in g  a n d  p ro cessin g  cost
The basic formula to calculate the block revenue is:
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B lock re v e n u e  (label % ̂  = B lock v o lu m e x  D en sity  x  M in e  call fa c to r  x
R e v e n u e  (label 0/oCoJ  x  R eco v ery  (label %coal)
(4.2)
where:
Block v o lu m e  
D en sity  
M in e  call fa c to r  
R ev en u e  (label %coa)  
R eco v ery  (label %CJ
= calculated  fro m  the block d im en sio n  
= obtained  f r o m  the sta n d a rd  d en sity  block m odel 
=  g e n e ra l  reco v ery  fa c to r  applied  to label0/o mal 
= u n it  re v e n u e  o f  coal quality  label 
=  the m eta llu rgica l reco v ery  fa c to r  app ropria te to the  
label (%  coal) f o r  the rock- type o f  the block
Block volume
In this model, the block volume is 10 x 10 x 1 cubic metres (100 m3).
Density
The density used for modelling is a standard density defined in the 
rock-type master file as shown in Table 4.2.
Mine call factor
Mine call factor is the ratio of the mill grade to the mine head grade and 
mill grade for each grade parameter (label). This factor affects the revenue of 
each label. In this study the ore percentage grade (percentage coal) was used as 
a primary label with 100 % linear recovery factor.
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Table 4.2: Standard rock-type density
ROCK-TYPE ROCK CODE STANDARD DENSITY
Overburden (O) 1111 2.44
Seam A1 (CA1) 211 1.22
Interburden A1-A2 (IA1A2) 1112 2.44
Seam A2 (CA2) 212 1.22
Interburden A2-A3 (IA2A3) 1123 2.44
Seam A3 (CA3) 213 1.22
Interburden A-B (IAB) 1101 2.44
Seam B1 (CB1) 221 1.23
Interburden B1-B2 (IB1B2) 1212 2.44
Seam B2 (CB2) 222 1.23
Interburden B2-B3 (IB2B3) 1223 2.44
Seam B3 (CB3) 223 1.23
Interburden B3-B4 (IB3B4) 1234 2.44
Seam B4 (CB4) 224 1.23
Interburden B-C (IBC) 1201 2.44
Seam C l (CC1) 231 1.25
Interburden C1-C2 (IC1C2) 1312 2.44
Seam C2 (CC2) 232 1.25
Interburden C2-C3 (IC2C3) 1323 2.44
Seam C3 (CC3) 233 1.25
Revenue (label %coal)
The revenue label is the unit revenue obtained from the grade model 
label and the revenue curve. Figure 4.4 shows the revenue curve of the primary 
label which was used in this case. The label revenue between 20 % ore (coal) 
and 100 % ore (coal) is US$ 29 per-tonne and US$ 32.63 per-tonne for the 
domestic and export market respectively. It's assumed if that the percentage of 
coal inside the block is below 20 % then the block will be assigned as waste 
with zero revenue. If the percentage of coal in the block is equal to or greater 
than 20 % then the block revenue is equal to the coal price per-tonne.
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Recovery (label %coal)
In this case, the metallurgical recovery factor is assumed as 85 per cent 
coal yield or from 1 tonne of run-off-mine coal 0.85 tonne of clean coal will be 
obtained.
o o o o o o o o o o
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%ORE
Figure 4.4: Revenue curve of percentage coal label (percentage ore)
Cost
Three categories of economic parameters relating to cost factors that are 
used in this study are volumetric mining cost, variable haulage cost, and ore 
based mining cost.
The rock-type volumetric cost consists of drilling cost, blasting cost, 
mining service cost, loading cost, and fixed haulage cost that are defined in the
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R o ck -typ e f i l e  (PCMINE.MRT). The basic formula used in PC-MINE to calculate 
the volumetric mining cost are below:
V o lu m etric  M in in g  C ost (U S $ /m 3)  = D rillin g  cost +  B la stin g  cost +  M in in g
serv ice  cost + L o a d in g  cost +  F ix e d  
h a u la ge cost (4.3)
where:
D rillin g  cost, B la stin g  cost, M in in g  serv ice  cost, L o a d in g  cost, a n d  F ix e d
h a u la ge cost:
=  Block v o lu m e  * E a ch  u n it  cost p e r  u n it  v o lu m e by rock-type
=  (cu b ic-m etres) * (U S  $  p er-cu b ic-m etre)
(sh o w n  in T able 4 .3 )
These costs are calculated on the basis of block volume, vertical haulage 
distance, the average horizontal haulage distance, and the unit haulage cost 
defined in the C ost f i le  (PCMINE.MCS). The formulas of variable haulage cost 
are below:
Block V ariable H a u la g e  C ost = Block v o lu m e x  { (V ertica l d ista n ce x
U n it vertical cost) + (H o rizo n ta l d ista nce x  
U n it horizontal co st)} (4.4)
where:
Block v o lu m e  
V ertica l dista nce
U n it vertical cost 
H o rizo n ta l dista nce  
U n it horizontal cost
=  ca lculated  f r o m  block d im en sio n s  
= the d ifferen t betw een the bottom  elevation o f  the block  
a n d  the pit ex it o f  each m aterial type (m )
=  u n it  cost p e r  to n n e  m aterial p e r  1 0  m  vertical d istance  
=  the horizontal h a u la ge d ista n ce (m )
=  u n it  cost p e r  to n n e  m aterial p e r  1 0 0  m  horizontal 
dista nce
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Ore-based mining costs are calculated as a function of block volume, 
block density, and unit mining costs per tonne. The five ore-based mining costs 
are for processing cost, mine administration cost, head-office administration 
cost, and spares cost. The general formula to calculate the ore based mining cost 
shown as below:
O re  B a sed  M in in g  C ost =  P ro cess in g  cost + M in e  adm inistration  cost +
H ea d  office adm inistration  cost + Spa res cost
(4.5)
where:
P ro cessin g , M in e  a d m inistration , H ea d  office adm inistration , a n d  Spa res cost
=  B lock v o lu m e x  d en sity  x  each u n it  cost p e r  to n n e  o f  ore m illed
=  (cu b ic-m etres) *( to n n es/cu b icm etre) *( U S $ /to n n e)
(sh o w n  in T able 4 .3 )
The economic parameters for observing the ultimate optimum pit in this 
study were defined in two different cases related to the coal market or coal 
usage (Table 4.3). The coal price and cost parameters used in this study were 
based on the company's 1992/1993 annual report and 1993/1994 annual budget 
with US$ 1.00 equal to Rp. 2,150 (Indonesia currency).
As shown at Table 4.3, the cost parameters in both cases are similar 
except for coal mining and processing cost. In Case 1, coal is used for the 
domestic market without using coal-port facilities and coal transport facilities 
from mine site to the coal-port. This means that no cost was assigned to coal
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handling facilities in case 1. The coal price in this case is US$ 29 per-tonne f.o.r. 
basis.
In Case 2 (Table 4.3), coal is used for both export and the domestic 
market which utilise coal-port and transport facilities from mine-site to the 
port. The coal price is US$ 32.63 per-tonne f.o.b. basis. In this case, the cost 
related to the coal handling were: US$ 3.65 per-tonne for coal transportation 
from mine-site to the Teluk Bayur coal-port (90 km); US$ 0.10 per-tonne for coal 
handling facilities at the port; and US$ 0.065 per-tonne for coal assaying at the 
port.
Table 4.3: Cost parameters for economic block modelling
E C O N O M IC  P A R A M E T E R C A S E l C A S E  2A. Coal Price (US$/tonne) 29.00 32.63B. Waste Stripping Cost: ($/m3) 2.179 2.179
1. Drilling 0.25 0.25
2. Blasting 0.17 0.17
3. Fixed Load and Haul 0.567 0.567
4. Surface Hauling (2000 m) 1.192 1.192C. Coal Mining and Processing Cost:1. Coal Mining
a. Fixed Load and Haul (U S $/m 3) 0.29 0.29
b. Surface Hauling (U S $/to n n e/100 m) 0.0244 0.02442. Coal Handling and Processing: (US$/tonne) 1.065 4.97
a. Processing 1.00 1.00
b. Transport 0 3.65
c. Port and Handling 0 0.19
d. Surveyor 0.065 0.13D. Over-head and Administration: (US$/tonne)1. Head Office 9.5 9.5
a. General & Administration 5.5 5.5
b. Depreciation 1.53 1.53
c. Equipment 0.64 0.64
d. Tax 1.83 1.832. Mine Office 2.93 2.93
a. General & Administration 1.71 1.71
b. Depreciation 0.46 0.46
c. Equipment 0.11 0.11
d. Tax and Exploitation Fee 0.65 0.65
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Table 4.4: Typical economic block calculation of the Sapan Dalam Model
VOLUMETRIC MINING COSTS: WASTE ( 30.0%I ORE ( 70.0%)
DRILLING UNIT : 0.25 TOTAL: 7.5 UNIT : 0 TOTAL: 0
BLASTING UNIT : 0.17 TOTAL: 5.1 UNIT : 0 TOTAL: 0
LOADING UNIT : 0 TOTAL: 0 UNIT : 0 TOTAL: 0
SERVICES UNIT : 0 TOTAL: 0 UNIT : 0 TOTAL: 0
FIXED HAUL UNIT: 0.567 TOTAL: 17.01 UNIT : 0.29 TOTAL: 20.3
VARIABLE HAULAGE COSTS:
UNIT VERTICAL HAULAGE COST : 0
VERTICAL HAULAGE DISTANCE : -90
WASTE VERTICAL HAULAGE COST 0
ORE VERTICAL HAULAGE COST : 0
TOTAL VERTICAL HAULAGE COST 0
UNIT HORIZONTAL HAULAGE 0.0244
HORIZONTAL HAULAGE DISTANCE 2500
TOT HOR. + VERT. HAULAGE COST 98.31 (includes Fixed Haulage component also)
ORE BASED MINING COSTS :
UNIT PROCESSING COST : 4.97 TOT PROCESSING COST : 424.44
UNIT MINE ADMIN COST : 2.93 TOT MINE ADMIN COST 250.22
UNIT HEAD OFFICE ADMIN COST : 9.5 TOT HEAD OFFICE ADMIN COST 811.3
UNIT SPARE COST # 1 : 0 TOT SPARE COST # 1: 0
UNIT SPARE COST # 2 : 0 TOT SPARE COST # 2 : 0
TOTAL BLOCK REVENUE : 2786.6
TOTAL VOLUMETRIC MINING COST 110.91
TOTAL ORE BASED MINING COST : 1485.96
TOTAL BLOCK MINING COST : 1596.87
BLOCK ECONOMIC VALUE : 1189.73
INTEGER STORAGE VALUE : 12
144
A typical cost calculation of Sapan Dalam model can be seen in Table 4.4, using 
an economic block with 30 % waste and 70 % coal. The block revenues and 
mining cost are US$ 2786.60 and US$ 1596.86, respectively with the total block 
economic value of US$ 1189.73.
4.3 Pit Optimization
Pit optimization is used to evaluate different economic parameters for a 
given mining block model in order to obtain an ultimate pit outline with the 
highest economic revenue. In this exercise, the two cases observed were related 
to different coal usage. The WHITTLE 3D pit optimiser was used for the 
optimization of the block model.
Optimization of the Sapan Dalam block model was carried out in the 
steps illustrated in Figure 4.5.
4.3.1 Model Parameter, Economic and Structure files
The model parameter and economic file required by the pit optimiser 
must be created through the base model. To create a model parameter file 
(*.MPA) and economic file (*.ECO) of the base block model, PC-MINE provides 
a facility for exporting the economic model to WHITTLE 3D format. The model 
parameter file identifies the general information about the base model frame­
work and how the optimization is to be done.
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Figure 4.5: Sapan Dalam optimization stages
Table 4.5: Model Parameter File of Cases 1 and Case2
1 20.00 20.00 12.00











10 2 2 12
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As shown in Table 4.5, the model parameter file both in Cases 1 and 2 
defined the general information of the base model, ie:
-dimensions of a block in X,Y and Z directions is 20 x 20 x 12 after 
reblocking
- number of blocks in X,Y and directions is 66 x 66 x 17 after reblocking
- active block indicator 3 defined only blocks that appear in the economic file 
are considered; and air flag 1 defined that air blocks are not considered for 
optimization,
- default value of a waste block is -10464 for a hundred percent waste block,
- number of sub-region 1 defined that the model was not divided into sub­
regions
- the lowest and highest bench limit in X, Y and Z directions is 1 - 66, 1 - 66, 
and 1 - 17 (in terms of the number of blocks) respectively,
- number of slope angles is 4, and the maximum number of benches for 
structure calculation is 6,
- bearing clockwise of slope angle is 0, 90, 180, 270 from Y positive with 
average slope angle 40 degrees in all directions,
- number of mining phase is 1, which defined an intermediate pit outline 
which is mined to be continuing to the ultimate pit outline,
- reblocking factor in X, Y and Z directions is 2,2, and 12 respectively.
The optimiser provided by the LGST module is used to construct a 
structure file (*.STU) from a given model module parameter and economic file
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input. The LGST module examines each block in the base model and writes out 
to the structure file (*.STU) those arcs appropriate to block and will reject arcs 
that go outside the model or sub-region. The structure files contain the 
structure arcs calculated from the block proportion, the region limit, the 
bearings and slopes as defined in the model parameter file. The arcs are stored 
as lists towards each block from below. The structure file (*.STU) is finally used 
by the LG3D module for optimization.
4.3.2 Optimization
The LG3D module carries out pit optimization from the given input files, 
ie model parameter file (*.MPA), economic file (*.ECO), and structure file 
(*.STU) for both the base model Case 1 and Case 2. LG3D writes out the lists of 
the blocks that must be mined in a result file (*.RES) consisting of block 
identification and value of the block. Summary report (*.PR3) writes out 
information on the optimization operation such as: input and output files, arcs 
generation passing through the block, number of blocks, and total economic 
revenue (Appendix D and Table 4.6).
As depicted in Table 4.6, for the number of blocks to be mined, Case 2 
obtained 4731 ore or positive blocks and 3865 waste or negative blocks, higher 
than that of Case 1. The optimized pit in Case 2 gaves the higher result for the 
total economic value. As shown in the optimization result, the optimum pit 
Case 2 is better than optimum pit Case 1. However, the total economic value 
obtained in optimized pit Case 2 as depicted in Table 4.6 was not the actual
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economic revenue of the pit. As shown in Figures 4.6 and 4.7, the WHITTLE 3D 
pits were not practicable for pit design and mine planning purposes and 
overmine through the actual bedrock layer (Figure 4.10) owing to the 
reblocking factor which had been used in economic files construction.
Table 4.6: Optimization result of Cases 1 and 2
CASE 1 CASE 2
Blocks read: 24139 24135
air(zero) 87 52
ore (+ve) 6630 6704
waste (-ve) 17422 17379
Blocks accepted 24139 24135
Structure arcs read 817140 817140
Apply to blocks in the Model 192522 192946
Passes 86 128
Arcs checked 16556892 24697088
Arcs added 16624 17904
Run results:
Arcs checked 16556892 24697088
Arcs added 16624 17904
Blocks to be mined 7137 8596
Total value (US $) 21,183,450 24,724,380
Blocks written: 7137 8596
ore (+ve) 4234 4731
waste (-ve) 2903 3865
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Figure 4.6: Optimum pit outline of Case 1 from WHITTLE 3D
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Figure 4.7: Optimum pit outline of Case 2 from WHITTLE 3D
151
4.3.3 Pit smoothing and base controlling
As shown in Figure 4.6 and 4.7, the contour outlines produced by pit 
optimiser require smoothing and base controlling. The pit adjustment is 
necesarry in order to represent actual and practicable pit surfaces or initial 
optimum pit limits to produce more sensible pit outlining for initial mine 
planning and design. In this exercise, a moving average smoothing method was 
used to adjust the contour outlines, and a base controlling method to adjust the 
optimum pit base to ensure that the bedrock seam is not overmined.
PC-MINE provides a moving weighted average method used to smooth 
surface topographies imported from other packages, especially if using 
reblocking (such as WHITTLE 3D) or if other packages cannot work with block 
fractions. This module adjusts or smooths the elevation of a block by the 
elevation of the adjacent blocks (eight adjacent blocks) with the general formula 
following (GEMCOM, 1992c):
Z (i ,j)  =  (w *Z (i,j)  +  Z ( i - l f - l )  + Z ( i - l f )  +  Z ( i - l , j + l )
+ Z (i ,j-1 )  +  Z ( i ,j+ 1 )  +  Z ( i + l f - l )  + Z ( i + l , j )
+ Z ( i + l f + l ) }  /  [ 8  +  w ] (4.6)
where:
Z (i ,j)  =  the elevation o f  block ( i f )
w  = the sm oothed  fa c to r  (h ig h er  value w ill re d u c e  the a m o u n t o f  
sm o o th in g)
i =  the row  n u m b e r  o f  block
j  = the co lu m n  n u m b e r  o f  block
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As seen in Figures 4.8 and 4.9, the smoothed contour of the optimum pits 
represents a realistic pit outline that can be used as the ultimate pit limit and 
mining reserve calculation for the mine.
To ensure that the optimum pits not overmine through the bedrock 
seam, the optimum pits from the optimiser should be controlled. PC-MINE 
provides modules which can be used to control the base of the optimum pits 
obtained from pit optimiser, by combining two surface elevation grid or by 
using the grid manipulation utility. Both modules may be used to maximise 
two input grids and store to a new grid. In this study, the optimum pits 
produced by the WHITTLE 3D were controlled with the bedrock layer in the 
following relationship:
IF  A  < B  T H E N  R esu lt =  B (4.7)
E L S E  R esu lt =  A  
where:
A  =  the elevation g r id  o f  the o p tim u m  pit f ro m  W H IT T L E  3 D
B  =  the elevation g r id  o f  the bedrock layer (th e base o f  seam  C 3 )
Figure 4.10 shows a typical cross-section of the optimum pit before and after
base control. In this case, the base of the optimum pits is the base of coal seam
C3 (the roof of the bedrock layer).
153
154
Figure 4.9: Optimum pit Case 2 after smoothing
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Figure 4.10: Typical pit section after smoothing and base controlling
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The mining reserve calculation for optimum pits for both in Case 1 and 
Case 2 were done through the smoothed pit outlines. The mining reserve 
calculation were based on each lithology or each rock-type layer. The grade 
category (cut-off) used for mining reserve calculation is based on the mining 
recovery factor with the minimum mineable coal thickness is 0.20 metre (to 
avoid material dilution).
The mining reserves shown in Tables 4.7 and 4.8 were calculated for 
each layer including average grade or coal quality, tonnage, volume, and 
economics value of each layer. The minimum cut-off grade (coal percentage in 
a block) used for calculation is 20 % of ore or coal (0.20 metre mineable 
thickness). If a block contained less than 20 % coal, it was considered as waste. 
As shown in Tables 4.7 and 4.8, Case 2 was the better of the optimum pits since 
it produced 3,626,180 tonnes of coal, 28,402,780 bcm of waste (stripping ratio 
1:7.8) with total economic revenue US$ 18,052,080. The equivalent production 
values for Case 1 are 3,148,510 tonnes of coal, 22,772,490 bcm of waste 
(stripping ratio 1:7.2) and gains US$ 17,403,410.
4.3.1 Mining reserve calculation
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Table 4.7: Mining reserve calculation of optimum pit Case 1
C U T-O FF
G R A D E S
R O C K ­
TYPE
C O D E
V O L U M E  
[BC M  xlOOO]
D E N SIT Y  
[T /B C M ]
T O N N A G E
[T O N N E S
XlOOO]
G R A D E S E C O N O M IC  
[U S$ XlOOO]
FRO M  
[% O RE]
TO
[% O RE] [% O RE] [V M  %] [A SH  %] [S %] [CV]
20 100 211 433.27 1.22 528.59 88.84 38.09 5.63 1.6 7203.1 7292.66
20 100 212 82.97 1.22 101.23 85.54 37.94 2.69 0.78 7452.4 1438.76
20 100 213 29.71 1.22 36.25 57.18 37.89 2.58 0.74 7464.9 466.9
20 100 221 189.53 1.23 233.12 67.69 30.35 23.14 1.16 5732.4 3068.68
20 100 222 138.02 1.23 169.76 71.6 35.5 11.41 0.6 6817.7 2266.48
20 100 223 138.08 1.23 169.84 76.45 33.74 14.78 0.68 6483.7 2341.7
20 100 224 26.35 1.23 32.41 39.66 34.55 13.23 0.64 6637 378.16
20 100 231 742.64 1.25 928.3 90.16 38.31 5.36 0.66 7395.1 12966.74
20 100 232 575.58 1.25 719.47 89.6 39.06 4.48 0.76 7457.7 10072.4
20 100 233 183.63 1.25 229.54 84.8 39.12 5.52 1.15 7389.1 3180.34
1111 6807.61 2.44 16610.58
1112 42.7 2.44 104.19
1123 132.56 2.44 323.44
1101 3600.72 2.44 8785.76
1212 1789.56 2.44 4366.53
1223 865.01 2.44 2110.63
1234 133.16 2.44 324.91
1201 5753.41 2.44 14038.32
1312 2640.04 2.44 6441.71
1323 854.48 2.44 2084.94
H - * * * 153.24 2.234 342.29 0.95 3.4 1.01 0.09 650 -26069.41
* * * * coal < 20%
C O A L 2539.78 1.233 3148.51 75.152 36.455 8.882 0.877 7003.3 43472.82
W A ST E 22772.49 2.421 55533.3 0.086 0.309 0.092 0.008 59.091 -26069.41
T O T A L 25312.29 2.318 58681.8 4.56 2.03 0.4 0.05 388.4 17403.41
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Table 4.8: Mining reserve calculation of optimum pit Case 2
C U T -O FF
G R A D E S
R O C K ­
TYPE
C O D E
V O L U M E  
[B C M  xlOOO]
D E N SIT Y
[T /B C M ]
T O N N A G E
[T O N N E S
xlOOO]
G R A D E S E C O N O M IC  
[U S$ XlOOO]
FR O M  
[% O RE]
TO
[% O RE] [% O RE] [V M  %] [A SH  %] [ S % ] [CV]
20 100 211 486.45 1.22 593.46 88.67 38.01 5.79 1.6 7186.3 8211.52
20 100 212 155.2 1.22 189.34 89.76 37.99 2.8 0.82 7438.6 2724.84
20 100 213 30.56 1.22 37.28 56.58 37.89 2.58 0.74 7465.3 478.66
20 100 221 203.79 1.23 250.66 66.57 30.34 23.14 1.16 5731.2 3286.7
20 100 222 157.56 1.23 193.8 71.95 35.33 11.73 0.61 6785.7 2579.12
20 100 223 147.11 1.23 180.95 76.26 33.72 14.81 0.68 6480.3 2494.98
20 100 224 31.58 1.23 38.85 40.19 34.49 13.34 0.65 6625.9 455.76
20 100 231 858.81 1.25 1073.52 90.3 38.26 5.31 0.65 7407 15010.4
20 100 232 623.56 1.25 779.45 89.2 39.05 4.52 0.77 7447.7 10900.26
20 100 233 231.09 1.25 288.87 84.7 39.1 5.5 1.13 7389.6 3373.16
1111 10109.27 2.44 24666.61
1112 49.66 2.44 121.16
1123 136.71 2.44 333.58
1101 4091.63 2.44 9983.57
1212 2051.61 2.44 5005.93
1223 882.48 2.44 2153.25
1234 161.71 2.44 394.57
1201 6553.46 2.44 15990.43
1312 2932.12 2.44 7154.37
1323 875.52 2.44 2136.27
* * * * 558.61 2.233 1247.38 0.95 3.41 1.01 0.09 651.2 -31463.32
* * * * coal < 20%
C O A L 2925.71 1.233 3626.18 75.418 36.418 8.952 0.881 6995.76 49515.40
W A STE 28402.78 26.633 69187.12 0.086 0.31 0.092 0.008 59.2 -31463.32
T O T A L 31328.49 2.327 72813.30 4.24 1.88 0.37 0.05 360.8 18052.08
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4.4 Production Scheduling
Production scheduling is the last stage of the Sapan Dalam long-term 
mine planning and design after the ultimate pit limit outline had been 
constructed. Nested pits' approach was used to determine pit sequencing and 
production scheduling.
The nested pits were created using a sensitivity analysis approach. The 
coal price increment was applied through the economic model of the Case 2 for 
sensitivity analysis. Eight economic base models were created by incrementally 
reducing the coal price by 2.5 % to 5 % (Table 4.9), and assuming constant 
mining cost which kept the same as in the Case 2. In this analysis, the first four 
models use 5 % increments of coal price and the last four models use 2.5 % 
increments of coal price. The price increment was chosen by a trial and error 
approach to obtain average coal production of each nested pit. The economic 
models were done inside PC-MINE.













Ultimate model 32.63 100.0 0 9
1 31.00 95.0 5.0 8
2 29.36 90.0 5.0 7
3 27.73 85.0 5.0 6
4 26.10 80.0 5.0 5
5 25.28 77.5 2.5 4
6 24.48 75.0 2.5 3
7 23.65 72.5 2.5 2
8 22.84 70.0 2.5 1
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WHITTLE 3D pit optimiser was used to create 8 nested pit outlines from 
the eight different economic base models. The optimization operation was kept 
the same of the previous optimization of Cases 1 and 2. The pits obtained from 
the pit optimiser were smoothed and the pit base controlled to obtain practical 
pit outlines. After smoothing and base controlling, mining reserve was 
calculated through the nested pits.
Figures 4.11 through 4.13 illustrate the nested pit sequencing after pit 
smoothing and base controlling, and perform pits growth and mining outline 
generation from the smallest pit on the inner side to the largest pit. Each pit 
from the smallest pit (nested pit 1) to the largest pit (nested pit 9) basically 
represents an optimal outline in its own price model. As shown in Figure 4.11, 
the smallest pit is the pit outline for the lowest price (US$ 22.84/tonne) which is 
70 % of the normal coal price (US$ 32.63/tonne). The largest pit as shown at 
Figure 4.13 represents the pit outline for the highest price that is in this case 
US$ 32.63 per tonne as the ultimate pit outline from the best case. These results 
are summarized in Table 4.10 and Figure 4.15.











1 0.331 1.311 0.316 3.96
2 1.012 5.010 6.201 4.95
3 1.298 6.670 8.470 5.14
4 1.777 9.843 11.909 5.54
5 2.188 12.782 14.804 5.84
6 2.540 15.844 16.487 6.24
7 2.643 16.858 16.722 6.38
8 2.982 20.406 17.614 6.84
9 3.626 28.403 18.052 7.83
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Figure 4.15: Sapan Dalam nested pits (effect of varying coal prices)
As depicted in Table 4.10 and Figure 4.15, mining reserve calculations of 
the nested pits shows that the highest coal price gives the highest coal 
production, economic revenue, waste production, and stripping ratio. The 
lower coal price leads the optimum pit to produce higher ore or coal percentage 
(Table 4.11).















1 22.84 78.85 36.71 8.40 0.84 7050.63
2 23.65 77.42 36.90 8.12 0.87 7083.47
3 24.47 77.29 36.82 8.28 0.88 7067.20
4 25.28 76.06 36.64 8.54 0.86 7038.40
5 26.10 76.09 36.59 8.64 0.86 7026.63
6 27.73 75.95 36.55 8.72 0.87 7018.97
7 29.36 75.80 36.53 8.75 0.87 7014.88
8 31.00 75.38 36.46 8.86 0.87 7004.51
9 32.63 75.42 36.42 8.95 0.88 6995.76
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The nested pits and their intersection through the bench level were used 
for performing pit sequencing and production scheduling. To carry out 
sequencing and scheduling with the pits, the following procedures were 
adopted:
(i) calculate mining reserves by benches through the subsequent nested 
pits or the incremental reserves from the uppermost to the lowermost 
pit (Appendix E),
(ii) define coal target of each period on a long-term schedule; in this study 
approximately 250,000 tonnes of coal per period (yearly),
(iii) search the bench levels and the appropriate nested pit for which the 
coal target was reached, and search the waste production on the 
respective level (Appendix E),
(iv) calculate production scheduling by benches.
The cumulative coal tonnage was used for searching the coal target in each 
period and its appropriate nested pit and bench level.
The mining sequence of the periodical production scheduling was 
carried out through the mining block from the uppermost to the lowermost 
nested pit. In each pit sequence no block could be mined until the ones above it 
in the same nested pit have been mined. As shown in Table 4.12, the pit 
sequence 1 in period 1 was reached when all blocks above 223 metre bench 
within the same nested pit 1 had been mined. The pit sequence in each period 
was delimited by level number, bench elevation, and the appropriate nested pit 
outline (Table 4.12).
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Table 4.12: Pit sequence and production (cumulative) scheduling
Period COAL WASTE S.R. 






R.L. [m] PIT NO.
1 251.74 984.95 3.91 1 128 223 1
2 500.42 2842.32 5.68 2 119 232 2
3 757.14 3989.97 5.27 2 141 210 3
4 1004.03 5029.62 5.01 2 180 171 4
5 1250.58 6608.18 5.28 3 169 182 5
6 1504.84 8364.91 5.56 4 110 241 6
7 1750.82 9862.81 5.63 4 174 177 7
8 2000.69 12085.84 6.04 5 155 196 8
9 2252.45 13461.62 5.98 6 101 250 9
10 2513.00 15924.44 6.34 6 184 167 10
11 2750.75 18278.50 6.64 8 80 271 11
12 3001.76 20731.35 6.91 8 179 172 12
13 3251.06 25433.65 7.82 9 126 225 13
14 3501.07 27915.88 7.97 9 177 174 14
15 3626.18 28402.78 7.83 9 201 150 15
Long-term production scheduling was made through the mine life with 
an average coal production in each period. As shown in Table 4.13, the 
periodical production was calculated for each ten metres bench height for 15 
periods. The coal and waste production in the long term production schedule 
was calculated and reported by bench. The production schedule in Table 4.13a 
to 4.13c shows which bench produces coal and which bench does not. Table 






















Table 4.13a: Periodical production scheduling by benches
R .L. PR D  1 PRD  2 PR D  3 PR D  4 PR D  5
[M] C O A L W A ST E CO A L W A STE CO A L W A ST E CO A L W A STE CO A L W A STE
[Tonnes [Bern [Tonnes [Bern [Tonnes [Bern [Tonnes [Bern [Tonnes [Bern





300-310 29.13 0.23 0.25
290-300 0.51 44.92 5.05 5.87
280-290 3.64 69.84 0.11 18.59 0.76 19.08
270-280 15.71 67.04 6.03 77.02 5.38 45.58
260-270 26.83 136.99 11.13 128.85 8.01 40.47
250-260 93.73 141.71 41.2 286.3 11.65 81.82
240-250 46.36 151.23 47.52 486.77 12.47 126.16
230-240 26.31 128.79 62.96 528.38 7.75 59.53 24.5 144.65
220-230 38.65 133.45 2.16 20.17 87.89 496.03 25.53 161.61
210-220 25.7 138.97 148.19 539.34 33.67 270.72
200-210 23.62 114.28 12.89 52.75 86.56 431 26.34 300.16
190-200 21.4 66 52.65 322.54 30.39 234.2

























Table 4.13b: Periodical production scheduling by benches (continued)
R .L. PR D  6 PR D  7 PR D  8 PR D  9 PR D  10
[M] CO A L W A STE CO A L W A ST E CO A L W A STE CO AL W A ST E C O A L W A ST E
[Tonnes [Bern [Tonnes [Bern [Tonnes [Bern [Tonnes [Bern [Tonnes [Bern





300-310 4.43 1.08 8
290-300 86.36 6.95 40.28
280-290 6.38 152.4 0.09 18.73 0.36 80.2
270-280 24.56 280.78 5.54 50.39 18.88 99.35
260-270 33.28 337.77 4.8 106.71 8.21 173.81
250-260 71.79 360.09 7.49 167.14 23.77 191.84
240-250 67.71 443.76 15.63 250.5 7.18 17.07 17.11 234
230-240 41.4 256.74 21.39 351.85 17.02 218.97
220-230 40.65 175.23 46.21 310.41 7.37 184.76
210-220 47.84 283.59 69.32 358.12 11.69 329.12
200-210 20.02 329.56 20.34 401.23 32.24 435.85
190-200 27.37 226 26.62 166.87 7.84 173.08 30.86 373.48
180-190 2.29 15.77 54.42 175.5 73.37 274.81 36.51 335.06
170-180 42.27 75.04 14.28 51.28 22.79 32.32 39.67 258.79 50.78 294.18
160-170
150-160
5.98 0.25 9.65 0.73 72.48 58.42 56.97 57.5














































PRD 11 PRD 12 PRD 13 PRD 14 PRD 15
COAL WASTE COAL WASTE COAL WASTE COAL WASTE COAL WASTE
[Tonnes [Bern [Tonnes [Bern [Tonnes [Bern [Tonnes [Bern [Tonnes [Bern








8.64 156.31 21.43 340.59 16.99 661.12
18.37 166.64 44.08 355.96 34.99 701.39
16.85 176.66 40.82 428.67 43.91 864.06
11.72 128.32 41.91 267.33 80.16 747.8
8.44 100.68 12.83 205.11 22.4 359.11 9.52 170.82
5.27 86.87 20.78 336.36 30.17 574.15
6.9 87.68 36.21 300.5 31.38 593.52
12.66 48.91 9.97 90.72 40.3 516.81
6.62 49.78 14.49 66.73 95.38 376.24
8.82 44.66 8.49 60.88 2.52 4.94 43.26 250.69 15.43 93.15
0 0 19.44 32.4 37.81 272.62
0 0.11 2.79 0.66 71.87 121.13
104.29 1046.97 251.01 2452.85 249.3 4702.3 250.01 2482.23 125.11 486.9
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As depicted in Table 4.14 and Figure 4.16, the optimum pit can be 
summarized as follows:
- the first 50 metres (levels 300-350 m) of the first 5 benches is the pre­
stripping stage which produces 636,010 bcm of waste with no coal,
- the productive benches are from bench 6 to 20 (levels 150-300 metres),
- the highest coal production of 426,000 tonnes is at bench 17 (levels 180­
190 metres).



















1 340-350 1.05 1.05
2 330-340 16.57 17.62
3 320-330 53.87 71.49
4 310-320 211.26 282.75
5 300-310 353.26 636.01
6 290-300 0.51 671.82 1317.29 0.51 1307.83 2564.37
7 280-290 25.49 1038.16 40.73 26.00 2345.99 90.23
8 270-280 171.09 1531.68 8.95 197.09 3877.67 19.67
9 260-270 139.32 2082.62 14.95 336.41 5960.29 17.72
10 250-260 347.07 2452.89 7.07 683.48 8413.18 12.31
11 240-250 315.56 3178.88 10.07 999.04 11592.06 11.60
12 230-240 335.12 2832.36 8.45 1334.16 14424.42 10.81
13 220-230 301.65 2317.38 7.68 1635.81 16741.8 10.23
14 210-220 392.63 2917.24 7.43 2028.44 19659.04 9.69
15 200-210 296.50 3046.53 10.27 2324.94 22705.57 9.77
16 190-200 260.06 2218.61 8.53 2585.00 24924.18 9.64
17 180-190 426.57 1647.34 3.86 3011.57 26571.52 8.82
18 170-180 276.60 1253.17 4.53 3288.17 27824.69 8.46
19 160-170 263.35 456.19 1.73 3551.52 28280.88 7.96
20 150-160 74.66 121.90 1.63 3626.18 28402.78 7.83
TOTAL 3626.18 28402.78 7.83
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The complex nature of the deposit coupled with limited geological 
information made it difficult to create a geological model of the Sapan Dalam 
coal deposit. The gridded seam modelling technique successfully creates a 
realistic deposit model of the Sapan Dalam coal-field. Several methods were 
used in the modelling to overcome the complexities of the Sapan Dalam coal 
deposit. These are:
- drill hole control
- fault block and restored surface technique
- thickness subtraction.
D rill  hole co n tro l
Two types of drill hole control were used in deposit modelling i.e, Sapan 
Dalam drill hole and drill hole data from the nearby Kandi and Tanah Hitam 
area of the same geological formation. The collars of drill holes inside the 
property of Sapan Dalam mine were used to control the initial surface 
topography from a digitized map. The topography model had to reproduce the 
exact elevations of the twenty seven drill holes. It is imperative that the initial
surface grid is modelled accurately since in gridded seam modelling, the seam 
thickness is subtracted from the uppermost layer. In this study, initial grid used 
for seam modelling is the overburden base elevation which incorporated the 
faulting effects. ,
In general, Laplace method used for grid interpolation adjusts the value 
inside a region of each data point so that the adjusted point is an average of all 
its immediate neighbour points (Watson, 1992). Therefore, in the outer area or 
in the extrapolation area, the value will be linear which is shown by a flattened 
grid (contour) or linear grid. If the seam boundary is exactly known or proved 
by the geologist, the seam boundaries (polygon) can be used to limit the seam's 
model, and the flattened grid effect such as in the North and West of the Sapan 
Dalam area is eliminated. If the seams continue throughout the property, the 
flattened grid effect in the extrapolation or outer area (such as in the South­
West of the Sapan Dalam area) will affect the seam model. So the use of the 
nearby data (i.e., Kandi and Tanah Hitam) reduces or eliminates the flattened 
effect in the extrapolation area (in the South-West area).
F a u lt  in terru p tio n
Since faults are present in nearly all geological bodies, the modelling of 
an orebody requires knowledge of fault geometry. Most of the mine design 
packages cannot automatically identify faults based on input data. The 
computer programs need information about the presence and the location of 
faults prior to mapping. Therefore, faults information and fault modelling
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techniques are essential for deposit modelling with fault interruption. To 
generate the fault model in this study, GEO-MODEL package was used to 
reconstruct the fault geometry and to know the fault location in 3 dimensional 
section. The PC-MINE package was used to model the deposit and to 
incorporate the faults that intercept the deposit.
Two methods had been used in modelling the seam and the faults. These 
are the fault-block method and the restore surface method (Jones et al., 1986). 
The fault-block or polygon method uses polygon to divide the map into 
individual fault blocks. In this study, the fault grids were generated separately 
for each block and then combined. The restored surface method allowed data 
from both sides of the fault to be used to construct the surface by removing the 
effect of faulting. The restore surface uses the displacement of the faults to 
estimate the pre-faulted surface and then restore the surface to a faulted 
surface.
If a steep slope with a lateral displacement fault is involved, a grid of 
fault displacement must be built to create pre-faulted surface. However, the 
faults were assumed as a vertical without any lateral movement in this study. 
Any displacement can be measured by the vertical throw or the vertical 
difference from seam to seam in both sides of fault trace. The vertical throw of 
Sapan Dalam faults was estimated from a hand-drawn geological map. A 
simple approach was used to determine the seam displacement by using one of 
the fault blocks (Block 1 in the western area) as a referred block. If 
displacement is upward relative to the referred block (Block 1), the
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displacement measurements are assigned positive value and vice versa. Using 
grid interpolation technique, the vertical throws were used to adjust the seam 
elevations to pre-faulted elevations. The pre-faulted grids were clipped for each 
block and adjusted by vertical throw using grid manipulation utility of PC- 
MINE. The pre-faulted grids for each block were added or subtracted from the 
respective vertical throw and the grids were combined into one faulted grid 
using the grid manipulation method. The use of these methods (fault-block 
polygon and restored surface) successfully created a faulted gridded coal seam 
model of the Sapan Dalam deposit. For an extreme faulted surface with 
overturned fold and a massive deposit, lateral displacement should be used in 
addition to the vertical fault displacement grid in order to restored the true 
surface.
T h ick n ess  su btra ctio n
Two techniques may be used to build a gridded seam model for a 
layered deposit. These are the surface gridding and thickness subtraction 
methods. The surface gridding builds each seam independently, while the 
thickness subtraction technique builds seam dependently. The elevation grid 
technique works well for modelling a simple and unfolded deposit with 
enough exploration data. If there is not enough exploration data, the layer is 
thin and folded and the elevation gridding technique does not model the seam 
properly, since it generates which overlap each other.
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To ensure that the Sapan Dalam deposit was modelled properly without 
overlapping seam layers, the thickness subtraction technique was used. In 
Thickness subtraction, the lower layer was built from the upper layer by 
subtracting the appropriate thickness grid from the respective upper layer 
elevation. This means that the accuracy of the subsequent seam layer depends 
on an initial grid model or the overburden base elevation grid in this study. 
Instead of the surface topography, the overburden base elevation grid node 
was used as the initial grid since it mapped all the faults. It was assumed that 
the actual seam thickness was similar to the pre-faulted thickness i.e., fault 
intrusion did not affect the seam thickness. However, to build a faulted 
gridded seam, thickness subtraction was conducted separately for each block 
starting from its appropriate overburden base elevation grid. Finally, the layer 
grids from all blocks were combined to form the whole deposit model.
5.2 Mine planning
The pit optimization is the essential stage of long-term mine planning of 
the Sapan Dalam coal-field. Factors which affected the effective planning of 
Sapan Dalam deposit are:
- partial block model generation
- optimum pit reblocking factor
- nested pit generation
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P a rtia l block
The WHITTLE 3D pit optimiser which was used in this case study works 
on a regular or fixed block model. Two types of regular blocks may be used as 
a base model for pit optimization i.e., a standard fixed block model and a 
partial block model. Both model types have the same dimension for all blocks 
in the model frame work. The standard fixed block model is simple and easy to 
use because each block represents only one rock type. This type of block model 
works well in a massive deposit such as a sulphide deposit or a disseminated 
deposit. Another advantage of standard fixed block model is easy interface to 
other general mine packages. The standard block does not work properly if the 
deposit is very thin, overfolded and faulted such as the Sapan Dalam coal 
deposit. Model such deposit with fixed block will need very small block sizes 
in order to reproduce the seam geometry.
The problems with small block sizes can be overcome by using partial 
blocks since in a partial block model, two rock types can be stored in each 
block. Hence, larger block sizes are use in partial block model. The reasons why 
partial block model was used in this study are: (i) The partial block model is 
based on a regular fixed block model that is required by the WHITTLE 3D pit 
optimiser algorithm; (ii) Owing to the block dimensions, the use of partial block 
increases the computing speed and decreases disk space requirements. The 
partial block does not have to be very small to model a thin layer; (iii) The 
partial block with the percentage of ore within a block facility gives a higher 
accuracy of the coal tonnage on each block than the standard fixed block
179
model. The partial block modelling technique controlled by the gridded seam 
was proved successful in creating the base block model of Sapan Dalam coal 
deposit for pit optimization.
R eb lo ck in g  fa c to r
Reblocking factor is used to divide or to split blocks into smaller blocks, 
or to combine blocks into bigger blocks before pit optimization. The reason for 
splitting blocks is to improve the pit slope reproduction. The slope 
reproduction of a pit by the optimiser is based on a whole block so a wide 
block cannot produce pit slope accurately. Combining blocks is used to reduce 
the computing time which is essential for iteration when calculating the block 
value in pit optimization operation, especially if the block size is relatively 
small and the number of blocks is high. However, the use of a higher 
reblocking factor in the pit optimization also leads the optimum pit overmining 
the waste block or the bedrock layer.
In this case study, a reblocking factor of 1, 1, and 10 was used for row, 
column and bench height, respectively to form a 10 x 10 x 10 metres block. As 
described in Chapter 4, the optimum pits overmined the waste block (bedrock 
seam). In case of a massive deposit, an overmining of waste block or country 
rock may be avoided by not using a high reblocking factor. In case of a bedded 
deposit such as the Sapan Dalam coal deposit, the use of reblocking factor was 
constrained by a selective mining unit (SMU). In this study, the reblocking 
factor was adjusted to the bench height of the mine. For a gridded seam model,
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the overmining effect may be eliminated by controlling the optimum pit base 
with the bedrock layer.
N ested  pits
A  set of nested pits is a set of pit outlines where each successive outline 
is for a higher product price than the previous one with a constant mining cost. 
A pushback generation approach combined the Lerchs-Grossmann pit 
optimization with the sensitivity analysis of the economic model to create the 
nested pits. A trial and error approach was used in this study to conduct the 
sensitivity analysis. Between 2.5 and 5 % coal price increments had been used 
for each subsequent nested pit. As shown in Table 5.1 and Figure 5.1, the 
smallest pit gives the smallest coal, waste, economic and stripping ratio, with 
the highest coal percentage.























1 22.84 70.0 2.5 78.85 0.331 1.311 0.316 3.96
2 23.65 72.5 2.5 77.42 1.012 5.010 6.201 4.95
3 24.48 75.0 2.5 77.29 1.298 6.670 8.470 5.14
4 25.28 77.5 2.5 76.06 1.777 9.843 11.909 5.54
5 26.10 80.0 5.0 76.09 2.188 12.782 14.804 5.84
6 27.73 85.0 5.0 75.95 2.540 15.844 16.487 6.24
7 29.36 90.0 5.0 75.80 2.643 16.858 16.722 6.38
8 31.00 95.0 5.0 75.38 2.982 20.406 17.614 6.84
9 32.63 100.0 0 75.42 3.626 28.403 18.052 7.83
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Figure 5.1: Summary of Sapan Dalam nested pits
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The incremental coal prices shown in column 2 of Table 5.1 are used here to 
illustrate the coal price for creating the nested pits, but these prices were not 
used to calculate the actual economic revenue shown in column 6 of Table 5.1. 
The economic revenue of the nested pits shown in both Table 5.1 and Figure 5.1 
was calculated using the economic model Case 2 with coal price of US$ 32.63 
per tonne.
5.3 Economic viability
Economic revenue of Sapan Dalam mine design has been calculated 
from a production scheduling based on an undiscounted cash flow. The 
economic value for each period was obtained from a mining reserve 
calculation for each bench level of sequential nested pits. As shown in 
Appendix E, the production scheduling calculation of the nested pits by 
benches gave economic values for each bench. Using the production target for 
each year the economic revenue (profit) for each period (yearly) can be 
calculated by subtracting the economic value of the ore block from the 
economic value of the waste block. The economic value of the ore block as 
shown in Table 5.1 (revenue column) is the economic value calculated from all 
mined coal blocks including both income and coal mining (and processing) 
cost. The cost value shown Table 5.1 (cost column) is the economic value of the 
waste blocks which accounts for pre-stripping and waste mining cost. The total 
economic revenue of the mining scenario of the Sapan Dalam for 15 period 
(yearly) is illustrated in Tables 5.2 and 5.3, and Figures 5.2 and 5.3.
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An undiscounted yearly cash flow of the mine, as shown in Tables 5.2, 
gives an average profit between US$ 0.828 million and US$ 3.182 million, 
except for period 1 and 13 that gave a negative cash flow of US$ 0.348 million 
and US$ 2.537 million respectively. The negative cash flows of these periods (1 
and 13) are caused by the fact that the pits for the respective production period 
did not reach either the bottom of the nested pit or a halfway of the nested pit 
sequence. For example, the production target in period 1 of 251000 tonnes of 
coal was reached in level 128 (bench +223 metres) of nested pit 1, while the 
final (or bottom) nested pit 1 was reached in period 2. The production target in 
period 13 of 249000 tonnes of coal was started from level 180 (bench +171 
metres) of nested pit 8 and reached at level 177 (bench +174 metres) halfway of 
nested pit 9 (final pit limit).
Table 5.2: Production scheduling per period (yearly)
Period COAL
[Tonnes xlO6]








ECO N O M IC  
[US$ xlO6]
1 0.252 0.985 3.91 4.277 4.624 -0.348
2 0.249 1.857 7.47 4.354 3.279 1.075
3 0.257 1.148 4.47 4.630 1.500 3.130
4 0.247 1.040 4.21 4.453 1.271 3.182
5 0.247 1.579 6.40 4.384 2.482 1.902
6 0.254 1.757 6.91 4.494 3.195 1.299
7 0.246 1.498 6.09 4.406 2.092 2.314
8 0.250 2.223 8.90 4.514 3.429 1.085
9 0.252 1.376 5.46 4.561 2.487 2.074
10 0.261 2.463 9.45 4.655 3.406 1.250
11 0.238 2.354 9.90 4.271 4.249 0.022
12 0.251 2.453 9.77 4.379 3.550 0.828
13 0.249 4.702 18.86 4.442 6.979 -2.537
14 0.250 2.482 9.93 4.499 3.389 1.110
15 0.125 0.487 3.89 2.264 0.597 1.666
Total 3.626 28.403 7.833 64.581 46.530 18.052
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As shown in the cumulative Table 5.3, the cumulative cash flow in period 2 is 
positive of US$ 1.075 million. Although the cumulative cash flow start to period 
12 to 13 decrease from US$ 17.813 million to US$ 15.276 million, in the last two 
periods the cashflow start to increase to US$ 16.386 million (period 14) and 
finally reaches US$ 18.052 million in the final year (period 15).
Table 5.3: Periodical production scheduling (cumulative)
Period COAL
[Tonnes xlO6]




REV EN U E  
[US$ xlO6]
CO ST  
[US$ xlO6]
ECO N O M IC  
[US$ xlO6]
1 0.252 0.985 3.91 4.277 4.624 -0.348
2 0.500 2.842 5.68 8.631 7.904 0.727
3 0.757 3.990 5.27 13.260 9.403 3.857
4 1.004 5.030 5.01 17.713 10.674 7.039
5 1.251 6.608 5.28 22.097 13.157 8.941
6 1.505 8.365 5.56 26.591 16.351 10.240
7 1.751 9.863 5.63 30.997 18.444 12.554
8 2.001 12.086 6.04 35.511 21.872 13.639
9 2.252 13.462 5.98 40.072 24.359 15.713
10 2.513 15.924 6.34 44.727 27.765 16.963
11 2.751 18.279 6.64 48.999 32.014 16.985
12 3.002 20.731 6.91 53.377 35.564 17.813
13 3.251 25.434 7.82 57.819 42.543 15.276
14 3.501 27.916 7.97 62.318 45.932 16.386
15 3.626 28.403 7.83 64.581 46.530 18.052
From the above discussion, the conclusions from the mining scenario of 
the Sapan Dalam coal deposit are following:
- in the first period of the mining schedule the economic revenue can not 
cover the production cost,
- starting from period 2 the mine can cover its production cost from the 
coal production,
- the mining scenario of the Sapan Dalam coal deposit is viable and gives 














Figure 5.2: Summary of production scheduling per period (yearly)
186





The main objectives of the thesis are:
1. creating a geological model of Sapan Dalam coal deposit with an aid 
of computer,
2. planning and designing various mining scenarios with an aid of 
computer,
3. ensuring that generated mine designs and plans are as practical as 
possible and meet the mine management objective, and
4. Evaluating the economic viability of Sapan Dalam deposit
The deposit modelling was done in four major stages from exploration 
database management, geometrical modelling, and block modelling, through to 
coal reserve calculations. The exploration data have been compiled into two 
main databases i.e., drill hole database and polygon database. The PC-XPLOR 
module of GEMCOM Service Inc. mine planning package was used for 
database management and interpretation of the exploration data. The 
exploration database management shows a rough condition of the surface, that 
the overburden thickness increases to the South-East, and the locations drill 
holes and faults. The processed data was extracted into standard extraction files
used for geological and block modelling. To interpret the coal deposit into the 
geometrical model, 54 lithological sections were digitised through the model. 
The vertical geometry section showed that the stratigraphy lithology of Sapan 
Dalam coal deposit. It also showed the complex nature of the deposit which 
consists of ten major coal seams and ten waste layers.
Two basic models were used to construct a block model of Sapan Dalam 
coal deposit, a fixed block model and a gridded seam model. Attempts to 
create a block model using a fixed block model was proved unsuccessful. The 
fixed block model led to selecting very small blocks where the number of 
blocks exceeded the computer program limitation. Using a large fixed block 
model was found unworkable owing to the coal thicknesses that varied 
between 0.2 and 3.5 metres. The gridded seam modelling approach was found 
to give a realistic coal deposit model. The fault-block and restored-surface 
method were used to incorporate the gridded seam model with the faults.
In this study, the WHITTLE 3D pit optimiser that implements the 
Lerchs-Grossmann algorithm was the main tool used for the mine design and 
schedule long-term production. In order to ensure that the base block model 
met the requirement of the pit optimiser, the base block model was converted 
into a fixed block model. The partial block modelling techniques proved 
successful in converting such a complex multi-seam coal deposit from the 
gridded seam model into a partial fixed block model. Two economic models 
were optimised based on two different coal price models, US$ 29.00 and US$ 
32.63. A US$ 32.63 economic model proved as the best optimum pit and was
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used as an initial pit design. A pushback generation approach was used for pit 
sequencing and long-term production scheduling. An economic sensitivity 
analysis was done by varying the coal price of the best case. Eight economic 
models were optimised to generate eight sequential nested pits. Mining reserve 
calculations were done through the sequential nested pits by benches and their 
results were used for the long-term of periodical production scheduling.
6.2. CONCLUSIONS
The following conclusion may be drawn from this study:
1. The complex nature of the deposit coupled with lack of exploration 
data had been successfully worked out by the following approach:
- using drill hole control from the nearby area (Kandi and Tanah 
Hitam) to extrapolate data in the South-West area of Sapan Dalam
- combination of fault-block and restored surface method was used 
to incorporate the fault intersections
- gridded seam modelling with thickness subtraction approach was 
used to avoid overlapping between layers.
2. The pit optimization of the Sapan Dalam coal deposit was done on a 
partial block model converted from the gridded seam model. The 
partial block successfully modelled a multi-seam and thin deposit 
prior to pit optimization.
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3. The optimum pit outlines obtained from the pit optimiser should be 
adjusted to give smoother pits and to control the pit base for not 
overmining to the bedrock layer.
4. Nested pits using pushback generation approach were used to 
determine the production schedule. A trial and error approach was 
used in economic modelling with incremental price.
5. The mining scenario adopted in this study produce 3.6 million tonnes 
of coal and 28.4 million bcm of waste with total economic revenue of 
US$ 18.05 million in 15 years mine life.
6. The economic viability of the mining scenario of the Sapan Dalam was 
calculated based on the flat cash flow (undiscounted cash flow).
6.3 SUGGESTIONS
The existing drill hole spadngs are not recommended for short-term 
mine planning. With the average drill hole spacing of 200 metres, a detailed 
mine design can not be accurate since the geology is very complex. Further 
study is needed to evaluate the optimum number of additional drill holes 
required to determine both the quality and quantity parameters and fault 
zones. This additional information is required to accurately model and evaluate 
the Sapan Dalam coal deposit.
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APPENDIX A
SAPAN DALAM DRILL HOLES DATA
1. COLLAR.DAT
FORMAT (A10^X,F10.2,2F12.3,F10.2)
1 Drill hole ID




1 2 3 4 5
SD01 47.50 -11590.610 -12628.620 262.17
SD02 50.30 -11389.420 -12722.680 236.25
SD03 42.20 -11216.750 -12653.330 226.80
SD04 50.03 -11307.420 -12309.010 267.21
SD05 90.45 -11202.500 -12417.730 254.58
SD06 50.65 -11143.450 -12518.910 244.19
SD07 52.45 -11075.260 -12380.100 268.97
SD08 59.80 -11635.090 -13085.250 218.97
SD09 55.30 -11536.280 -12936.600 217.62
SD10 118.50 -11118.840 -13094.510 245.66
SD11 114.75 -11161.450 -13005.240 260.89
SD12 123.00 -10936.050 -12979.840 288.87
SD13 77.50 -11046.030 -12869.660 296.20
SD14 141.95 -10785.510 -12860.910 325.22
SD15 105.75 -10863.720 -12747.410 318.56
SD16 157.80 -10626.420 -12820.520 309.57
SD17 75.00 -11535.180 -12508.320 282.72
SD18 66.40 -11434.550 -12540.650 267.43
SD19 66.30 -11419.740 -12453.800 268.41
SD20 57.35 -11491.250 -12384.510 278.18
SD21 51.20 -11605.220 -12343.180 297.26
SD22 48.30 -11574.850 -12428.920 280.13
DH10 70.00 -11510.610 -12696.650 244.46
LB04 100.00 -11625.570 -12801.110 243.27
LB05 75.80 -11647.950 -12464.730 271.42
LB06 20.00 -11647.950 -12977.840 214.25
LB07 75.00 -11445.690 -12580.100 262.98
2. SURVEY.DAT
FORMAT(A10,F10.2,2F10.2)
1 Drill hole ID
2 Distance
3 Azimuth
4 Drill hole dip
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1 2 3 4 1 2 3 4
SD01 47.50 0.00 -90 SD14 141.95 0.00 -90
SD02 50.30 0.00 -90 SD15 105.75 0.00 -90
SD03 42.20 0.00 -90 SD16 157.80 0.00 -90
SD04 50.03 0.00 -90 SD17 75.00 0.00 -90
SD05 90.45 0.00 -90 SD18 66.40 0.00 -90
SD06 50.65 0.00 -90 SD19 66.30 0.00 -90
SD07 52.45 0.00 -90 SD20 57.35 0.00 -90
SD08 59.80 0.00 -90 SD21 51.20 0.00 -90
SD09 55.30 0.00 -90 SD22 48.30 0.00 -90
SD10 118.50 0.00 -90 DH10 70.00 0.00 -90
SDII 114.75 0.00 -90 LB04 100.00 0.00 -90
SD12 123.00 0.00 -90 LB05 75.80 0.00 -90
SD13 77.50 0.00 -90 LB07 75.00 0.00 -90
3. LITHO.DAT
FORMAT(A10,2F11.2,3X,A12)




1 2 3 4 1 2 3 4
SD01 0.00 9.00 o SD03 21.65 27.40 IBCSD01 9.00 9.30 CAI SD03 27.40 27.75 CCISD01 9.30 15.60 IAB SD03 27.75 30.35 IC1C2SD01 15.60 16.45 CB1 SD03 30.35 30.50 CC2SD01 16.45 28.50 IB1B2 SD04 0.00 7.75 OSD01 28.50 30.50 CB2 SD04 7.75 8.05 CAISD01 30.50 37.75 IBC SD04 8.05 17.03 IABSDOl 37.75 38.95 CCI SD04 17.03 17.73 CB1SDOl 38.95 39.83 IC1C2 SD04 17.73 18.11 IB1B2SDOl 39.83 41.40 CC2 SD04 18.11 18.23 CB2SD02 0.00 10.50 O SD04 18.23 27.43 IBCSD02 10.50 12.60 CAI SD04 27.43 27.83 CCISD02 12.60 18.53 IAB SD04 27.83 28.00 IC1C2SD02 18.53 18.95 CB1 SD04 28.00 28.95 CC2SD02 18.95 20.31 IB1B2 SD04 28.95 32.38 IC2C3SD02 20.31 20.56 CB2 SD04 32.38 33.51 CC3SD02 20.56 30.58 IB2B3 SD05 0.00 5.80 OSD02 30.58 31.30 CB3 SD05 5.80 6.30 CB1SD02 31.30 32.20 IB3B4 SD05 6.30 6.35 IB1B2SD02 32.20 32.38 CB4 SD05 6.35 6.80 CB2
SD02 32.38 43.05 IBC SD05 6.80 15.95 IBCSD02 43.05 43.30 CCI SD05 15.95 16.00 CCISD03 0.00 19.75 O SD05 16.00 20.85 IC1C2SD03 19.75 19.85 CB1 SD05 20.85 21.35 CC2SD03 19.85 20.13 IB1B2 SD05 21.35 22.85 IC2C3SD03 20.13 20.25 CB2 SD05 22.85 23.20 CC3SD03 20.25 20.85 IB2B3 SD06 0.00 7.70 OSD03 20.85 21.65 CB3 SD06 7.70 7.90 CAI
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1 2 3 4SD06 7.90 17.90 IABSD06 17.90 18.00 CBSD06 18.00 21.50 IBCSD06 21.50 22.10 CCISD06 22.10 27.00 IC1C2SD06 27.00 27.80 CC2SD07 0.00 13.25 OSD07 13.25 13.47 CCISD08 0.00 19.10 OSD08 19.10 19.20 CB1SD08 19.20 40.65 IBCSD08 40.65 41.65 CCISD08 41.65 52.00 IC1C2SD08 52.00 55.35 CC2SD09 0.00 7.55 OSD09 7.55 7.65 CAISD09 7.65 8.45 IA1A2SD09 8.45 8.50 C A ISD09 8.50 9.85 IA2A3SD09 9.85 10.05 CA3SD09 10.05 18.20 IABSD 09 18.20 18.60 CB1SD09 18.60 19.35 IB1B2SD09 19.35 19.55 CB2SD09 19.55 31.95 IBCSD09 31.95 34.50 CCISD09 34.50 44.90 IC1C2SD09 44.90 48.05 CC2SDIO 0.00 61.50 OSDIO 61.50 61.65 CAISDIO 61.65 61.75 IA1A2SDIO 61.75 64.45 CA2SDIO 64.45 69.65 IABSDIO 69.65 69.95 CB1SDIO 69.95 72.60 IB1B2SDIO 72.60 72.85 CB2SDIO 72.85 81.85 IB2B3SDIO 81.85 82.05 CB3
SDIO 82.05 83.20 IB3B4SDIO 83.20 83.35 CB4SDIO 83.35 99.75 IBCSDIO 99.75 102.80 CCISDII 0.00 38.75 OSDII 38.75 41.20 CAISDII 41.20 45.90 IAB
SDII 45.90 46.15 CB1SDII 46.15 61.10 IB1B2SDII 61.10 61.20 CB2SDII 61.20 61.30 IB2B3SDII 61.30 61.85 CB3SDII 61.85 76.85 IBCSDII 76.85 78.95 CCISDII 78.95 92.60 IC1C2SDII 92.60 95.96 CC2SD12 0.00 58.25 OSD12 58.25 60.35 CAISD12 60.35 71.65 IAB
1 2 3 4SD12 71.65 71.85 CB1SD12 71.85 81.50 IB1B2SD12 81.50 81.80 CB2SD12 81.80 82.30 IB2B3SD12 82.30 82.40 CB3SD12 82.40 96.00 IBCSD12 96.00 98.05 CCISD12 98.05 110.15 IC1C2SD12 110.15 112.55 CC2SD13 0.00 15.80 OSD13 15.80 15.90 CAISD13 15.90 16.20 IA1A2SD13 16.20 16.25 CA2SD13 16.25 19.70 IA2A3SD13 19.70 19.90 CA3SD13 19.90 20.00 IA3A4SD13 20.00 21.75 CA4SD13 21.75 27.35 IABSD13 27.35 27.75 CB1SD13 27.75 30.45 IB1B2SD13 30.45 30.70 CB2SD13 30.70 40.70 IB2B3SD13 40.70 41.05 CB3SD13 41.05 41.70 IB3B4SD13 41.70 41.80 CB4SD13 41.80 53.15 IBCSD13 53.15 55.30 CCISD13 55.30 65.30 IC1C2SD13 65.30 65.55 CC2SD13 65.55 65.70 IC2C3SD13 65.70 68.35 CC3SD14 0.00 83.40 OSD14 83.40 83.70 CAISD14 83.70 84.80 IA1A2SD14 84.80 86.50 CA2SD14 86.50 91.60 IABSD14 91.60 92.00 CB1SD14 92.00 103.50 IB1B2SD14 103.50 103.85 CB2SD14 103.85 104.25 IB2B3SD14 104.25 104.35 CB3SD14 104.35 114.70 IBCSD14 114.70 116.30 CCISD14 116.30 116.55 IC1C2SD14 116.55 117.05 CC2SD14 117.05 126.55 IC2C3SD14 126.55 129.65 CC3SD15 0.00 39.70 OSDÌ 5 39.70 41.60 CAISD15 41.60 46.80 IABSD15 46.80 47.05 CB1SD15 47.05 50.50 IB1B2SD15 50.50 50.70 CB2SD15 50.70 60.40 IB2B3SD15 60.40 61.05 CB3SD15 61.05 68.70 IBCSD15 68.70 69.75 CCI
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- 1 _ 2 3 4SD15 69.75 72.30 IC1C2SD15 72.30 72.70 CC2SD15 72.70 81.60 IC2C3SD15 81.60 82.50 CC3SD15 82.50 84.15 IC3C4SD15 84.15 85.65 CC4SD16 0.00 157.80 -99.9SD17 0.00 17.13 OSD17 17.13 18.40 CAISD17 18.40 24.00 IABSD17 24.00 24.09 CBlSD17 24.09 24.74 IB1B2SD17 24.74 24.90 CB2SD17 24.90 27.00 IB2B3SD17 27.00 27.40 CB3SD17 27.40 28.44 IB3B4SD17 28.44 28.48 CB4SD17 28.48 33.77 IBCSD17 33.77 34.80 CCISD17 34.80 47.41 IC1C2SD17 47.41 48.10 CC2SD17 48.10 48.73 IC2C3SD17 48.73 50.00 CC3SD17 50.00 53.65 IC3C4SD17 53.65 53.68 CC4SD17 53.68 54.40 IC4C5SD17 54.40 55.89 CC5SD17 55.89 65.25 IC5C6SD17 65.25 65.50 CC6SD18 0.00 12.04 OSD18 12.04 12.19 CAISD18 12.19 12.34 IA1A2SD18 12.34 15.10 CA2SD18 15.10 20.85 IABSD18 20.85 21.22 CBlSD18 21.22 21.45 IB1B2SD18 21.45 21.58 CB2SD18 21.58 23.61 IB2B3SD18 23.61 24.00 CB3SD18 24.00 25.85 IB3B4SD18 25.85 25.92 CB4SD18 25.92 54.25 IBCSD18 54.25 56.10 CCISD19 0.00 6.20 OSD19 6.20 7.74 CAISD19 7.74 7.80 LA1A2SD19 7.80 8.86 CA2SD19 8.86 9.15 IA2A3SD19 9.15 10.38 CA3SD19 10.38 15.64 IABSD19 15.64 15.73 CBlSD19 15.73 15.92 IB1B2SD19 15.92 16.07 CB2SD19 16.07 16.35 IB2B3SD19 16.35 16.45 CB3SD19 16.45 18.65 IB3B4SD19 18.65 18.94 CB4
1 2 3 4SD19 18.94 26.86 IB4B5SD19 26.86 26.92 CB5SD19 26.92 27.10 IB5B6SD19 27.10 27.78 CB6SD19 27.78 38.80 IBCSD19 38.80 40.00 CCISD19 40.00 40.50 IC1C2SD19 40.50 41.20 CC2SD19 41.20 44.67 IC2C3SD19 44.67 46.18 CC3SD19 46.18 47.48 IC3C4SD19 47.48 47.50 CC4SD19 47.50 55.38 IC4C5SD19 55.38 56.47 CC5SD20 0.00 11.51 OSD20 11.51 11.80 CAISD20 11.80 12.03 IA1A2SD20 12.03 12.35 CA2SD20 12.35 20.00 IABSD20 20.00 20.17 CBlSD20 20.17 28.85 IB1B2SD20 28.85 29.35 CB2SD21 0.00 7.20 OSD21 7.20 8.65 CCISD21 8.65 11.60 IC1C2SD21 11.60 12.18 CC2SD22 0.00 4.62 OSD22 4.62 5.25 CAISD22 5.25 13.00 IABSD22 13.00 13.30 CBlSD22 13.30 14.60 IB1B2SD22 14.60 15.30 CB2SD22 15.30 17.00 IB2B3SD22 17.00 17.30 CB3DH10 0.00 14.68 ODH10 14.68 15.20 CAIDH10 15.20 28.06 IABDH10 28.06 30.23 CBlDHIO 30.23 39.60 IBCDH10 39.60 41.97 CCILB04 0.00 5.10 O
LB04 5.10 5.50 CAILB04 5.50 17.00 IABLB04 17.00 17.40 CBlLB04 17.40 24.25 IB1B2LB04 24.25 24.65 CB2LB04 24.65 40.95 IBCLB04 40.95 45.60 CCILB05 0.00 8.10 OLB05 8.10 16.20 CCILB06 0.00 20.00 —LB07 0.00 9.15 oLB07 9.15 10.70 CAILB07 10.70 18.60 IABLB07 18.60 18.75 CBlLB07 18.75 22.15 IB1B2LB07 22.15 22.40 CB2
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5 Free moisture (FM %)
6 Inherent moisture (IM
%)
7 Volatile matter (VM %)
8 Fixed carbon (C %)
9 Ash content (ASH %)
10 Sulfur (S %)
11 Calorific value (CV 
kcal/kg)
12 Free Swelling Index 
(FSI)




































8 10 11 12 1 3
0.30 -----------------------------— -
0.85 ----------- ----------------------
2.00 -------  2.50 39.90 54.60
1.20 -------  2.50 41.30 53.70
1.55 -------  2.70 39.40 54.20














3.00 0.41 7652 --------  1.20
2.50 0.45 7686 ------- 1.21
3.70 0.58 7623 ------- 1.24
6.00 1.59 7171 --------  1.29
5.10 32.10 41.00 21.80 1.43 5947 -------  1.42
0.40 -------  5.40 29.60 41.20 23.80
0.95 -------  2.70 38.40 51.10 7.80
1.13 -------  2.70 40.70 51.20 5.40
0.50 -------  5.60 28.70 41.30 24.40
0.45 -------  5.60 28.70 41.30 24.40
0.05 -------  2.40 38.70 49.20 9.70
0.05 -------  2.40 38.70 49.20 9.70
0.05 -------  2.40 38.70 49.20 9.70




0.22 ............................. ......................................... ................
0.70 5440 -------  1.48
0.80 7378 -------  1.27
2.47 7468 -------  1.27
0.90 5529 -------  1.51
0.90 5529 -------  1.51
2.33 7148 -------  1.33
2.33 7148 -------  1.33
2.33 7148 -------  1.33
0.10 ------------------------------------------------------------------------------------------------------------------
1.00 0.56 4.53 38.00 54.46 3.01 0.54 7645 2.0 1.24
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1 2 3 4
SD08 52.00 55.35 3.35
SD09 7.55 7.65 0.10
SD09 8.45 8.50 0.05
SD09 9.85 10.05 0.20
SD09 18.20 18.60 0.40
SD09 19.35 19.55 0.20
SD09 31.95 34.50 2.55
SD09 44.90 48.05 3.15
SD10 61.50 61.65 0.15
SD10 61.75 64.45 2.70
SD10 69.65 69.95 0.15
SD10 72.60 72.85 0.25
SD10 81.85 82.05 0.20
SD10 83.20 83.35 0.15
SD10 99.75 102.80 3.05
SD11 38.75 41.20 2.40
SD11 45.90 46.15 0.25
SD11 61.10 61.20 0.10
SD11 61.30 61.85 0.55
SD11 76.85 78.95 2.10
SD11 92.60 95.95 3.55
SD12 58.25 60.35 2.10
SD12 71.65 71.85 0.20
SD12 81.50 81.80 0.30
SD12 82.30 82.40 0.10
SD12 96.00 98.05 2.05
SD12 110.15 112.55 2.40
SD 13 15.80 15.90 0.10
SD13 16.20 16.25 0.05
SD 13 19.70 19.90 0.10
SD 13 20.00 21.75 1.75
SD13 27.35 27.75 0.40
SD13 30.45 30.70 0.25
SD 13 40.70 41.05 0.35
SD 13 41.70 41.80 0.10
SD13 53.15 55.30 2.15
SD13 65.20 65.55 0.35
SD13 65.70 68.35 2.65
SD14 83.40 83.70 0.30
SD 14 84.80 86.50 1.70
SD 14 91.60 92.00 0.40
SD14 103.50 103.85 0.35
SD14 104.25 104.35 0.10
SD 14 114.70 116.30 1.60
SD14 116.55 117.05 0.50
SD14 126.55 129.65 3.10
SD15 39.70 41.60 1.65
SD15 46.80 47.05 0.25
SD15 50.50 50.70 0.20
SD 15 60.40 61.05 0.65
SD15 68.70 69.75 1.05
SD15 72.30 72.70 0.40
SD15 81.60 82.50 0.90
SD15 84.15 85.65 1.50
SD17 17.13 18.40 1.23







































1 2 3 4
SD17 24.00 24.09 0.09 -
SD17 24.74 24.90 0.16 -
SD17 27.00 27.40 0.40 -
SD17 28.44 28.48 0.04 -
SD17 33.77 34.80 1.03 -
SD17 47.41 48.10 0.69 -
SD17 48.73 50.00 1.27 -
SD17 53.65 53.68 0.03 -
SD17 54.40 55.89 1.49 -
SD17 65.25 65.50 0.25 --
SD18 12.04 12.19 0.15 -
SD18 12.34 15.10 2.76 -
SD18 20.85 21.22 0.37 -
SD 18 21.45 21.58 0.13 -
SD 18 23.61 24.00 0.39 -
SD18 25.85 25.92 0.07 -
SD 18 54.25 56.10 1.85 -
SD19 6.20 7.74 1.54 -
SD19 7.80 8.86 1.06 --
SD19 9.15 10.38 1.23 -
SD19 15.64 15.73 0.09 -
SD 19 15.92 16.07 0.15 -
SD 19 16.35 16.45 0.10 -
SD19 18.65 18.94 0.29 -
SD19 26.86 26.92 0.06 -
SD 19 27.10 27.78 0.68 -
SD19 38.80 40.00 1.20 -
SD19 40.50 41.20 0.70 -
SD 19 44.67 46.18 0.51 -
SD19 47.48 47.50 0.02 -
SD19 55.38 56.47 1.09 -
SD20 11.51 11.80 0.29 -
SD20 12.03 12.35 0.32 -
SD20 20.00 20.17 0.17 -
SD20 28.85 29.35 0.50 -
SD21 7.20 8.65 1.45 —
SD21 11.60 12.18 0.58 -
SD22 4.62 5.25 0.63 —
SD22 13.00 13.30 0.30 -
SD22 14.60 15.30 0.70 -
SD22 17.00 17.30 0.30 -
DH10 14.68 15.20 0.52 -
DH10 28.06 30.23 2.17 -
DH10 39.60 41.97 2.20 -
LB04 5.10 5.50 0.40 -
LB04 17.00 17.40 0.40 -
LB04 24.25 24.65 0.40 -
LB04 40.95 45.60 4.65 -
LB05 8.10 16.20 8.10 -
LB07 9.15 10.70 1.55 -
LB07 18.60 18.75 0.15 -
LB07 22.15 22.40 0.25 -
LB07 39.35 42.40 3.05 -
LB07 47.30 53.20 5.90 -
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APPENDIX B






1 2 3 1 2 3
FAULTJL -11958.130 -11468.855 FAULTJ3 -12650.130 -11076.855
FAULT_1 -12012.130 -11450.855 FAULT_3 -12617.130 -11053.855
FAULTJL -12080.130 -11429.855 FAULT_3 -12569.130 -11021.855
FAULTJL -12140.130 -11410.855 FAULTJ3 -12525.130 -10994.855
FAULTJL -12187.130 -11393.855 FAULT_3 -12477.130 -10966.855
FAULTJL -12232.130 -11366.855 FAULTJ3 -12432.130 -10943.855
FAULTJL -12263.130 -11345.855 FAULT_3 -12383.130 -10919.855
FAULTJL -12301.130 -11321.855 FAULT_3 -12338.130 -10900.855
FAULTJL -12345.130 -11294.855 FAULT_3 -12296.130 -10880.855
FAULTJL -12375.130 -11272.855 FAULT J3 -12263.130 -10864.855
FAULTJL -12416.130 -11243.855 FAULT_3 -12226.130 -10846.855
FAULTJL -12455.130 -11216.855 FAULTJ3 -12198.130 -10835.855
FAULT_1 -12499.130 -11183.855 FAULT_3 -12166.130 -10820.855
FAULTJL -12540.130 -11154.855 FAULT_3 -12123.130 -10801.855
FAULTJL -12573.130 -11132.855 FAULT_4 -12709.130 -10610.855
FAULTJL -12600.130 -11112.855 FAULT_4 -12749.130 -10629.855
FAULTJL -12650.130 -11077.855 FAULT_4 -12786.130 -10649.855
FAULTJ2 -12015.130 -11184.855 FAULT_4 -12826.130 -10671.855
FAULT_2 -12058.130 -11186.855 FAULT_4 -12883.130 -10708.855
FAULT_2 -12104.130 -11190.855 FAULT_4 -12921.130 -10733.855
FAULT_2 -12142.130 -11195.855 FAULT_4 -12948.130 -10757.855
FAULT_2 -12192.130 -11202.855 FAULT_4 -12979.130 -10779.855
FAULT_2 -12247.130 -11214.855 FAULT_4 -13024.130 -10817.855
FAULT_2 -12288.130 -11223.855 FAULT_4 -13057.130 -10842.855
FAULT.2 -12327.130 -11228.855 FAULT_4 -13087.130 -10867.855
FAULT_2 -12358.130 -11232.855 FAULT_4 -13115.130 -10889.855
FAULT.2 -12386.130 -11233.855 FAULT_4 -13167.130 -10928.855
FAULT_2 -12420.130 -11239.855 FAULT_4 -13203.130 -10954.855
FAULT_3 -13009.130 -11551.855 FAULT_4 -13235.130 -10977.855
FAULT_3 -12978.130 -11494.855 FAULT_4 -13264.130 -10996.855
FAULT_3 -12943.130 -11430.855 FAULT_4 -13292.130 -11015.855
FAULT_3 -12908.130 -11364.855 FAULT.4 -13327.130 -11040.855
FAULTJ3 -12868.130 -11295.855 FAULT_4 -13355.130 -11057.855
FAULT_3 -12826.130 -11237.855 FAULT_4 -13381.130 -11074.855
FAULT.3 -12797.130 -11202.855 FAULT_4 -13417.130 -11097.855
FAULT_3 -12768.130 -11173.855 FAULT_4 -13444.130 -11113.855
FAULT_3 -12716.130 -11126.855 FAULT_4 -13487.130 -11139.855


































































































































































1. DRILLHOLE DATABASE STRUCTURE
Database Filename : PXDBSP.G5A 
Table Number: 1
Table Name : COLLAR
Number of Fields : 4
Field name Code Type Minimum Maximum Default
HOLE-ID 1:1 String 10 0.00
LENGTH 1:2 Real 0.00 200.00 0.00
LOCATION 1:3 Local
(X-COORD ) 1:3:1 Double -12100.000 -10400.000 0.000
(Y-COORD ) 1:3:2 Double -13400.000 -11700.000 0.000
(Z-COORD ) 1:3:3 Double 210.000 360.000 0.000
COMPOSITE 1:4 String 12 0.00
Table Number : 2
Table Name : SURVEY
Number of Fields : 4
Field name Code Type Minimum Maximum Default
HOLE-ID 2:1 String 10 0.00
DISTANCE 2:2 Real 0.00 200.00 0.00
AZIMUTH 2:3 Real 0.00 360.00 0.00
DIP 2:4 Real -90.00 90.00 0.00
Table Number: 3
Table Name : LITHOLOGY
Number of Fields : 5
Field name Code Type Minimum Maximum Default
HOLE-ID 3:1 String 10 0.00
FROM 3:2 Real 0.00 200.00 0.00
TO 3:3 Real 0.00 200.00 0.00
ROCK-TYPE 3:4 String 12 0.00
THICKNESS 3:5 Real 0.00 200.00 0.00
209







Code Type Minimum Maximum Default
HOLE-ID 4:1 String 10
FROM 4:2 Real 0.00 200.00 0.00
TO 4:3 Real 0.00 200.00 0.00
THICKNESS 4:4 Real -10.00 10.00 0.00
FM % 4:5 Real -10.00 100.00 0.00
IM % 4:6 Real -10.00 100.00 0.00
VM % 4:7 Real -10.00 100.00 0.00
FC % 4:8 Real -10.00 100.00 0.00
ASH % 4:9 Real -10.00 100.00 0.00
S% 4:10 Real -10.00 100.00 0.00
CV KCAL/KG 4:11 Real -10.00 8000.00 0.00
FSI 4:12 Real -10.00 5.00 0.00
SG 4:13 Real -10.00 2.00 0.00
Table Number: 5
Table Name : COMPOSITE1
Number of Fields : 14
Field name Code Type Minimum Maximum Default
HOLE-ID 5:1 String 10 0.00
FROM 5:2 Real 0.00 200.00 0.00
TO 5:3 Real 0.00 200.00 0.00
COMP-ID 5:4 String 10 0.00
CTHIKNESS 5:5 Real -10.00 10.00 0.00
CVM % 5:6 Real -10.00 100.00 0.00
CFC % 5:7 Real -10.00 100.00 0.00
CASH % 5:8 Real -10.00 100.00 0.00
cs% 5:9 Real -10.00 100.00 0.00
CCV KCL/KG 5:10 Real -10.00 10000.0 0.00
CSG 5:11 Real 0.00 " 10.00 0.00
CFSI 5:12 Real 0.00 10.00 0.00
CFM 5:13 Real 0.00 100.00 0.00
CIM 5:14 Real 0.00 100.00 0.00
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Field name Code Type Minimum Maximum Default
HOLE-ID 6:1 String 10 0.00
FROM 6:2 Real 0.00 200.00 0.00
TO 6:3 Real 0.00 200.00 0.00
COMP-ID 6:4 String 10 0.00
CP THICK 6:5 Real 0.00 10.00 0.00
CSG 6:6 Real 0.00 10.00 0.00
CFSI 6:7 Real 0.00 10.00 0.00
CFM % 6:8 Real 0.00 100.00 0.00
CIM % 6:9 Real 0.00 100.00 0.00
2. POLYGON DATABASE STRUCTURE
Database Filename :PXDBSP.G6A
Table Number: 1
Table Name : POLYGON
Number of Fields : 4
Field name Code Type Minimum Maximum Default
POLYGON 1:1 String 12
CODE 1:2 String 10
CLOSED 1:3 Logical
VALUE 1:4 Integer 0 100 0
Table Number : 2
Table Name : POINT
Number of Fields : 1
Field
name
Code Type Minimum Maximum Default
POINT 2:1 Local
(X-COORD ) 2:1:1 Double -12100.00 -10400.00 0.00
(Y-COORD ) 2:1:2 Double -13600.00 -11700.00 0.00
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APPENDIX D
NESTED PITS PRODUCTION CALCULATION
212
TOP SURFACE GRID RECORD : 1 Surface 1
BOTTOM SURFACE GRID RECORD : 108 PIT 22.84$
LEVELS USED : 
LEVEL 1 TO 204
BLOCKS USED : 
COLUMNS
CUMULATIVE RESULTS
1 TO 132 ROWS 1 TO 132
CUT-OFF GRADES ROCK-TYPE
CODE











[% ORE] [% ORE] [VM  %] [ASH %] [S %] [CV]
20 100 211 84.11 1.22 102.61 89.56 38.16 5.79 1.6 7186.9 1258.54
20 100 212 110.57 1.22 134.9 89.77 38.09 5.02 1.39 7254.4 1725.00
20 100 213 121.79 1.22 148.59 88.28 38.08 4.79 1.33 7274.1 1912.40
20 100 221 130.65 1.221 159.48 86.67 37.54 6.05 1.32 7168.3 2031.94
20 100 222 142.12 1.221 173.59 86.38 37.49 6.26 1.26 7161.4 2222.98
20 100 223 145.47 1.222 177.71 86.08 37.42 6.44 1.24 7147.8 2279.42
20 100 224 147.07 1.222 179.68 85.57 37.39 6.5 1.24 7143.8 2302.58
20 100 231 239.52 1.233 295.24 89.32 37.82 6.13 1.01 7236 3884.12
20 100 232 260.19 1.234 321.08 89.18 37.93 5.96 0.99 7258.5 4237.56
20 100 233 268.48 1.235 331.44 89.22 37.96 5.96 0.99 7260.4 4383.78
- - 1111 816.73 2.044 1669.16 17.72 7.54 1.18 0.2 1441.7 4383.78
- - 1112 824.88 2.048 1689.06 17.51 7.45 1.17 0.19 1424.7 4383.78
- - 1123 840.42 2.055 1726.98 17.12 7.29 1.14 0.19 1393.4 4383.78
- - 1101 1086.16 2.142 2326.57 12.71 5.41 0.85 0.14 1034.3 4383.78
- - 1212 1164.32 2.162 2517.29 11.75 5 0.78 0.13 956 4383.78
- - 1223 1171.85 2.164 2535.67 11.66 4.96 0.78 0.13 949 4383.78
- - 1234 1177 2.165 2548.23 11.61 4.94 0.78 0.13 944.4 4383.78
- - 1201 1395.76 2.208 3081.99 9.6 4.08 0.64 0.11 780.8 4383.78
- - 1312 1535.71 2.229 3423.47 8.64 3.67 0.58 0.1 702.9 4383.78
- - 1323 1543.27 2.23 3441.91 8.59 3.66 0.57 0 .1 699.2 4383.78
TOTAL 1579.6 2.234 3528.67 8.39 3.59 0.57 0.09 685.8 315.85
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TOP SURFACE GRID RECORD : 1 Surface 1
BOTTOM SURFACE GRID RECORD : 117 PIT 23.65$
LEVELS USED : 
LEVEL 1 TO 204
BLOCKS USED : 
COLUMNS
CUMULATIVE RESULTS
1 TO 132 ROWS 1 TO
CUT-OFF GRADES ROCK-TYPE
CODE











[% ORE] [% ORE] [VM %] [ASH %] [S %] [CV]
20 100 211 153.93 1.22 187.8 87.66 38.19 5.82 1.6 7184 2464
20 100 212 191.7 1.22 233.88 87.63 38.13 5.18 1.43 7239.9 3121.64
20 100 213 208.08 1.22 253.85 85.76 38.11 4.98 1.38 7257.5 3385.66
20 100 221 288.85 1.223 353.2 83.05 35.93 10.09 1.31 6828.1 4707.32
20 100 222 348.43 1.224 426.49 82.66 36.14 9.78 1.18 6879.8 5716.22
20 100 223 366.29 1.224 448.46 81.97 36.1 9.87 1.15 6875.8 6014.56
20 100 224 375.77 1.224 460.11 80.91 36.08 9.91 1.14 6873.8 6150.8
20 100 231 645.2 1.235 796.91 86.01 37.13 7.99 0.94 7095.2 10849.72
20 100 232 800.61 1.238 991.16 87.08 37.53 7.24 0.9 7178.6 13577.14
20 100 233 817.5 1.238 1012.28 87.04 37.57 7.21 0.91 7182.1 13870.44
- - m i 2117.07 1.976 4183.24 21.06 9.09 1.75 0.22 1738 13870.44
- - 1112 2139.29 1.981 4237.44 20.79 8.97 1.72 0.22 1715.7 13870.44
- - 1123 2181.82 1.99 4341.21 20.3 8.76 1.68 0.21 1674.7 13870.44
- - 1101 3313.9 2.144 7103.5 12.4 5.35 1.03 0.13 1023.5 13870.44
- - 1212 3659.74 2.172 7947.35 11.09 4.78 0.92 0.12 914.8 13870.44
- - 1223 3696.98 2.174 8038.2 10.96 4.73 0.91 0.11 904.5 13870.44
- - 1234 3746.09 2.178 8158.04 10.8 4.66 0.9 0.11 891.2 13870.44
- - 1201 5197.85 2.251 11700.34 7.53 3.25 0.62 0.08 621.4 13870.44
- - 1312 5739.63 2.269 13022.26 6.77 2.92 0.56 0.07 558.3 13870.44
- - 1323 5765.2 2.27 13084.68 6.73 2.91 0.56 0.07 555.6 13870.44
TOTAL 5827.83 2.27 13229.19 6.67 2.9 0.56 0.07 554 6200.61
214
TOP SURFACE GRID RECORD : 1 Surface 1
BOTTOM SURFACE GRID RECORD : 105 PIT 24.47$
LEVELS USED : 
LEVEL 1 TO 204
BLOCKS USED : 
COLUMNS
CUMULATIVE RESULTS














[% ORE] [% ORE] [VM %] [ASH %] [S %] [CV]
20 100 211 178.52 1.22 217.8 87.4 38.17 5.82 1.6 7183.7 2880.68
20 100 212 219.59 1.22 267.9 87.04 38.12 5.21 1.44 7236.8 3590.34
20 100 213 241.13 1.22 294.18 84.8 38.1 4.98 1.38 7256.9 3935.82
20 100 221 340.56 1.223 416.48 81.51 35.82 10.31 1.31 6808.8 5560
20 100 222 414.22 1.224 507.07 81.19 36.01 10.04 1.17 6857.2 6792.6
20 100 223 440.35 1.225 539.22 80.61 35.96 10.16 1.14 6850.9 7232.46
20 100 224 453.63 1.225 555.55 79.47 35.93 10.23 1.13 6846.9 7425.48
20 100 231 803.13 1.236 992.42 85.29 37.08 8.04 0.92 7093.3 13534.66
20 100 232 1017.99 1.239 1261 86.64 37.53 7.18 0.88 7186.4 17310.66
20 100 233 1047.33 1.239 1297.67 86.65 37.58 7.15 0.89 7190.8 17822.7
- - 1111 2583.14 1.953 5045.06 22.29 9.67 1.84 0.23 1849.6 17822.7
- - 1112 2613.09 1.959 5118.14 21.97 9.53 1.81 0.23 1823.2 17822.7
- - 1123 2674.81 1.97 5268.73 21.34 9.26 1.76 0.22 1771.1 17822.7
- - 1101 4154.1 2.137 8878.19 12.67 5.49 1.05 0.13 1051 17822.7
- - 1212 4657.78 2.17 10107.17 11.13 4.82 0.92 0.11 923.2 17822.7
- - 1223 4722.33 2.174 10264.69 10.95 4.75 0.9 0.11 909.1 17822.7
- - 1234 4793.48 2.178 10438.29 10.77 4.67 0.89 0.11 893.9 17822.7
- - 1201 6818.19 2.256 15378.57 7.31 3.17 0.6 0.08 606.8 17822.7
- - 1312 7596.55 2.274 17277.78 6.51 2.82 0.54 0.07 540.1 17822.7
- - 1323 7645.77 2.275 17397.87 6.46 2.8 0.53 0.07 536.3 17822.7
TOTAL 7717.45 2.276 17561.33 6.41 2.8 0.54 0.07 536 8470.26
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TOP SURFACE GRID RECORD : 1 Surface 1
BOTTOM SURFACE GRID RECORD : 120 PIT 25.28$
LEVELS USED : 
LEVEL 1 TO 204
BLOCKS USED : 
COLUMNS
CUMULATIVE RESULTS














[% ORE] [% ORE] [VM %] [ASH %] [S %] [CV]
20 100 211 227.2 1.22 277.18 87.47 38.14 5.81 1.6 7185.2 3707.64
20 100 212 273.91 1.22 334.17 86.8 38.09 5.25 1.45 7233.3 4510.12
20 100 213 300.72 1.22 366.88 84.3 38.08 5.02 1.39 7253.9 4933.94
20 100 221 423.29 1.223 517.64 80.31 35.82 10.3 1.32 6810.1 6927.04
20 100 222 514.66 1.224 630.03 79.66 35.92 10.2 1.19 6841.2 8445.58
20 100 223 564.46 1.225 691.28 78.91 35.8 10.47 1.14 6823 9281.16
20 100 224 583.75 1.225 715.01 77.64 35.76 10.55 1.12 6817.8 9559.76
20 100 231 1053.32 1.236 1301.96 84.11 36.97 8.18 0.91 7080.6 17774.58
20 100 232 1348.55 1.239 1671 85.49 37.46 7.28 0.88 7177.5 22950.02
20 100 233 1433.57 1.24 1777.27 85.72 37.55 7.2 0.89 7186.6 24441.1
- - 1111 3538.69 1.954 6913.79 22.04 9.65 1.85 0.23 1847.4 24441.1
- - 1112 3573.19 1.958 6997.96 21.77 9.54 1.83 0.23 1825.2 24441.1
- - 1123 3686.01 1.973 7273.23 20.95 9.18 1.76 0.22 1756.1 24441.1
- - 1101 5613.01 2.133 11975.11 12.72 5.57 1.07 0.13 1066.6 24441.1
- - 1212 6396.85 2.171 13887.7 10.97 4.81 0.92 0.11 919.7 24441.1
- - 1223 6587.34 2.179 14352.48 10.62 4.65 0.89 0.11 889.9 24441.1
- - 1234 6696.53 2.183 14618.92 10.42 4.57 0.88 0.11 873.7 24441.1
- - 1201 9736.84 2.263 22037.27 6.91 3.03 0.58 0.07 579.6 24441.1
- - 1312 11022.43 2.284 25174.1 6.05 2.65 0.51 0.06 507.4 24441.1
- - 1323 11182.2 2.286 25563.95 5.96 2.61 0.5 0.06 499.6 24441.1
TOTAL 11276.19 2.286 25776.3 5.92 2.61 0.5 0.06 500.2 11908.87
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TOP SURFACE GRID RECORD : 1 Surface 1
BOTTOM SURFACE GRID RECORD : 102 PIT 26.10$




















[% ORE] [% ORE] [VM  %] [ASH %] [S %] [CV]
20 100 211 295.34 1.22 360.32 88.62 38.08 5.9 1.6 7176.6 4910.1
20 100 212 345.37 1.22 421.35 87.84 38.06 5.42 1.48 7218.5 5769.46
20 100 213 373.51 1.22 455.68 85.59 38.04 5.2 1.42 7237 6212.6
20 100 221 507.4 1.223 620.37 81.24 35.99 9.97 1.35 6836.6 8382.16
20 100 222 610.87 1.224 747.63 80.35 36.02 10 1.22 6854.3 10102.7
20 100 223 678.04 1.224 830.25 79.73 35.87 10.34 1.16 6831.7 11239.72
20 100 224 699.42 1.225 856.55 78.52 35.83 10.42 1.15 6826.2 11548.16
20 100 231 1263.18 1.236 1561.25 84.51 37 8.1 0.92 7085.8 21418.6
20 100 232 1662.59 1.239 2060.52 86.07 37.51 7.18 0.88 7181.5 28434.26
20 100 233 1764.31 1.24 2187.67 86.21 37.59 7.12 0.89 7190 30215.96
- - m i 4707.96 1.99 9370.17 20.13 8.78 1.66 0.21 1678.7 30215.96
- - 1112 4743.85 1.994 9457.73 19.94 8.7 1.65 0.21 1663.1 30215.96
- - 1123 4866.59 2.005 9757.23 19.33 8.43 1.6 0.2 1612.1 30215.96
- - 1101 7057.52 2.14 15103.09 12.49 5.45 1.03 0.13 1041.5 30215.96
- - 1212 8331.44 2.186 18211.46 10.36 4.52 0.85 0.11 863.7 30215.96
- - 1223 8541.43 2.192 18723.84 10.07 4.39 0.83 0.1 840.1 30215.96
- - 1234 8656.1 2.195 19003.63 9.92 4.33 0.82 0.1 827.7 30215.96
- - 1201 12433.14 2.27 28219.62 6.68 2.91 0.55 0.07 557.4 30215.96
- - 1312 14247.27 2.291 32646.09 5.78 2.52 0.48 0.06 481.8 30215.96
- - 1323 14438.52 2.293 33112.73 5.7 2.48 0.47 0.06 475 30215.96
TOTAL 14546.77 2.293 33356.71 5.66 2.49 0.47 0.06 475.8 14803.78
217
TOP SURFACE GRID RECORD : 1 Surface 1
BOTTOM SURFACE GRID RECORD : 99 PIT 27.73$
LEVELS USED : 
LEVEL 1 TO 204
BLOCKS USED : 















[% ORE] [% ORE] [VM %] [ASH %] [S %] [CV]
20 100 211 329.65 1.22 402.17 88.75 38.07 5.87 1.6 7179.4 5491.26
20 100 212 391.46 1.22 477.59 88.05 38.05 5.36 1.47 7223.5 6558.16
20 100 213 420.12 1.22 512.54 85.97 38.04 5.17 1.42 7239.9 7008.94
20 100 221 571.42 1.223 698.65 81.46 35.98 9.96 1.35 6837.4 9463.54
20 100 222 684.32 1.224 837.52 80.37 35.98 10.05 1.22 6849.2 11336.14
20 100 223 767.12 1.225 939.36 79.74 35.8 10.45 1.16 6820.6 12738.82
20 100 224 790.39 1.225 967.98 78.57 35.76 10.53 1.14 6815.5 13074.12
20 100 231 1428.58 1.236 1765.72 84.33 36.95 8.15 0.92 7081.2 24239.72
20 100 232 1930.11 1.24 2392.62 86.12 37.51 7.15 0.88 7184.1 33056
20 100 233 2047.77 1.24 2539.71 86.21 37.59 7.08 0.89 7193 35111.24
- 1111 5802.7 2.017 11701.73 18.71 8.16 1.54 0.19 1561.1 35111.24
_ - 1112 5840.91 2.019 11794.96 18.56 8.09 1.52 0.19 1548.8 35111.24
_ - 1123 5967.02 2.028 12102.68 18.09 7.89 1.49 0.19 1509.4 35111.24
_ - 1101 8678.73 2.157 18719.24 11.7 5.1 0.96 0.12 975.9 35111.24
_ - 1212 10157.5 2.198 22327.43 9.81 4.28 0.81 0.1 818.2 35111.24
_ - 1223 10485.85 2.206 23128.62 9.47 4.13 0.78 0.1 789.8 35111.24
_ - 1234 10606.64 2.208 23423.34 9.35 4.08 0.77 0.1 779.9 35111.24
_ - 1201 15230.72 2.279 34706.11 6.31 2.75 0.52 0.07 526.4 35111.24
_ - 1312 17473.15 2.299 40177.64 5.45 2.38 0.45 0.06 454.7 35111.24
- - 1323 17765.19 2.302 40890.2 5.35 2.34 0.44 0.06 446.8 35111.24
TOTAL 17891.56 2.301 41175.26 5.32 2.34 0.44 0.06 447.7 16486.57
218
TOP SURFACE GRID RECORD : 1 Surface 1
BOTTOM SURFACE GRID RECORD : 96 PIT 29.36$
LEVELS USED : 
LEVEL 1 TO 204
BLOCKS USED : 
COLUMNS
CUMULATIVE RESULTS














[% ORE] [% ORE] [VM %] [ASH %] [S %] [CV]
20 100 211 343 1.22 418.46 88.71 38.07 5.85 1.6 7181.2 5720.76
20 100 212 410.09 1.22 500.31 88.03 38.05 5.33 1.47 7226.1 6880.28
20 100 213 439.07 1.22 535.66 86.01 38.04 5.15 1.42 7241.9 7335.82
20 100 221 594.72 1.223 727.12 81.43 36.01 9.89 1.35 6843.3 9859.62
20 100 222 712.24 1.224 871.66 80.24 35.99 10.02 1.22 6851.3 11804.92
20 100 223 804.09 1.225 984.63 79.59 35.78 10.47 1.16 6818.6 13358.18
20 100 224 828.03 1.225 1014.08 78.44 35.74 10.54 1.14 6813.7 13702.2
20 100 231 1490.87 1.236 1842.64 84.17 36.93 8.18 0.92 7078.5 25297.7
20 100 232 2008.15 1.24 2489.23 85.94 37.49 7.18 0.88 7179.6 34386.28
20 100 233 2130.8 1.24 2642.55 86.05 37.57 7.11 0.89 7189 36527.84
- - 1111 6336.77 2.037 12905.11 17.62 7.69 1.46 0.18 1472.1 36527.84
- - 1112 6376.11 2.039 13001.11 17.49 7.64 1.45 0.18 1461.2 36527.84
- - 1123 6504.82 2.047 13315.16 17.08 7.46 1.41 0.18 1426.7 36527.84
- - 1101 9272.95 2.164 20069.38 11.33 4.95 0.94 0.12 946.6 36527.84
- - 1212 10828.91 2.204 23865.94 9.53 4.16 0.79 0.1 796 36527.84
- - 1223 11272.08 2.213 24947.26 9.11 3.98 0.75 0.09 761.5 36527.84
- - 1234 11396.07 2.216 25249.8 9.01 3.93 0.74 0.09 752.4 36527.84
- - 1201 16175.01 2.282 36910.41 6.16 2.69 0.51 0.06 514.7 36527.84
- - 1312 18502.78 2.302 42590.18 5.34 2.33 0.44 0.06 446 36527.84
- - 1323 18861.06 2.304 43464.38 5.23 2.28 0.43 0.05 437.1 36527.84
TOTAL 18988.75 2.304 43751.15 5.2 2.29 0.44 0.05 438.2 16721.82
219
TOP SURFACE GRID RECORD : 1 Surface 1
BOTTOM SURFACE GRID RECORD : 111 PIT 31$
LEVELS USED : 
LEVEL 1 TO 204
BLOCKS USED : 
COLUMNS
CUMULATIVE RESULTS
1 TO 132 ROWS 1 TO 132






[BCM  xlOOO] [T/BCM] [TONNES XlOOO] [% ORE] [VM  %] [ASH %] [S %] [CV] [US$ XlOOO]
20 100 211 403.59 1.22 492.38 88.88 38.08 5.69 1.6 7196.9 6776.96
20 100 212 480.03 1.22 585.64 88.31 38.06 5.21 1.47 7237.8 8101.34
20 100 213 509.41 1.22 621.48 86.53 38.05 5.06 1.43 7250.9 8563.2
20 100 221 683.15 1.223 835.18 81.65 36.07 9.69 1.36 6860.8 11368.32
20 100 222 816.52 1.224 999.23 80.16 35.99 9.95 1.23 6856.1 13567.34
20 100 223 944.15 1.225 1156.21 79.72 35.69 10.59 1.16 6807.7 15735.82
20 100 224 969.96 1.225 1187.95 78.65 35.66 10.66 1.14 6803.1 16106.06
20 100 231 1692.25 1.236 2090.82 83.7 36.82 8.35 0.93 7060.5 28720.76
20 100 232 2250.52 1.239 2788.66 85.23 37.38 7.37 0.89 7160.6 38496.56
20 100 233 2405.49 1.24 2982.36 85.25 37.49 7.26 0.9 7174.5 41183.48
- - 1111 7871.54 2.073 16319.53 15.58 6.85 1.33 0.17 1311.1 41183.48
- - 1112 7912.62 2.075 16419.78 15.48 6.81 1.32 0.16 1303.1 41183.48
- - 1123 8043.31 2.081 16738.65 15.19 6.68 1.29 0.16 1278.3 41183.48
- - 1101 11438.19 2.188 25022.17 10.16 4.47 0.87 0.11 855.1 41183.48
- - 1212 13138.55 2.22 29171.05 8.72 3.83 0.74 0.09 733.5 41183.48
- - 1223 13849.51 2.232 30905.78 8.23 3.62 0.7 0.09 692.3 41183.48
- - 1234 13980.42 2.233 31225.19 8.14 3.58 0.69 0.09 685.2 41183.48
- - 1201 19410.67 2.291 44475.02 5.72 2.51 0.49 0.06 481.1 41183.48
- - 1312 21988.27 2.309 50764.36 5.01 2.2 0.43 0.05 421.5 41183.48
- - 1323 22664.36 2.313 52414.01 4.85 2.13 0.41 0.05 408.2 41183.48
TOTAL 22811.05 2.312 52742.31 4.83 2.14 0.42 0.05 409.6 17614.12
220
TOP SURFACE GRID RECORD : 1 Surface 1
BOTTOM SURFACE GRID RECORD : 114 FIN A L PIT 32.63$
LEVELS USED : 
LEVEL 1 TO 204
BLOCKS USED : 
COLUMNS
CUMULATIVE RESULTS
1 TO 132 ROWS 1 TO
CUT-OFF GRADES ROCK-TYPE
CODE











[% ORE] [% ORE] [VM %] [ASH %] IS %] [CV]
20 100 211 486.45 1.22 593.46 88.67 38.01 5.79 1.6 7186.3 8211.52
20 100 212 641.64 1.22 782.8 88.94 38.01 5.07 1.41 7247.3 10936.36
20 100 213 672.2 1.22 820.08 87.47 38 4.95 1.38 7257.2 11415.02
20 100 221 875.98 1.222 1070.74 82.57 36.21 9.21 1.33 6900 14701.72
20 100 222 1033.54 1.223 1264.54 80.95 36.07 9.6 1.22 6882.5 17280.84
20 100 223 1180.66 1.224 1445.49 80.36 35.78 10.25 1.15 6832.1 19775.82
20 100 224 1212.24 1.224 1484.34 79.31 35.74 10.33 1.14 6826.7 20231.58
20 100 231 2071.06 1.235 2557.85 83.92 36.8 8.22 0.93 7070.3 35241.98
20 100 232 2694.61 1.239 3337.3 85.16 37.33 7.36 0.89 7158.4 46142.24
20 100 233 2925.71 1.239 3626.18 85.13 37.45 7.23 0.91 7174.1 49515.4
- - 1111 12998.67 2.173 28247.41 10.79 4.75 0.92 0.12 909.4 49515.4
- - 1112 13048.33 2.174 28368.57 10.74 4.73 0.91 0.11 905.5 49515.4
- - 1123 13185.05 2.177 28702.15 10.62 4.67 0.9 0.11 895 49515.4
- - 1101 17276.67 2.239 38685.72 7.88 3.47 0.67 0.08 664 49515.4
- - 1212 19328.28 2.261 43691.65 6.98 3.07 0.59 0.07 588 49515.4
- - 1223 20210.76 2.268 45844.89 6.65 2.92 0.56 0.07 560.3 49515.4
- - 1234 20372.47 2.27 46239.47 6.59 2.9 0.56 0.07 555.6 49515.4
- - 1201 26925.93 2.311 62229.9 4.9 2.15 0.42 0.05 412.8 49515.4
- - 1312 29858.04 2.324 69384.27 4.39 1.93 0.37 0.05 370.2 49515.4
- - 1323 30733.56 2.327 71520.54 4.26 1.87 0.36 0.05 359.2 49515.4
TOTAL 31328.49 2.327 72901.39 4.24 1.88 0.37 0.05 360.8 18052.08
221
APPENDIX E
COAL RESERVE CALCULATION OF SUBSEQUENT 
NESTED PITS BY BENCHES
222
LEVEL VOLUME DENSITY TONNAGE AVERAGE GRADES ECONOMIC CUMULATIVE TOTAL
RL COAL CUMULATIVE
NO. [M] [BCM X103] [T/BCM] [TX103] [% ORE] [VM %} [% ASH] [S %] [CV] [US$X103] [TX103] [T X103]
1 2 3 4 5 6 7 8 9 10 11 12 13
in itia l  s i i r f a c e  - n e s te d  p i t i
l 350 0 0 0 0 0 0 0 0 0 0 0
50 301 0 0 0 0 0 0 0 0 0 0 0
51 300 0.04 1.22 0.05 100 38.08 5.83 1.6 7182 -2 0.05 0.05
52 299 0 .04 1.22 0.05 100 38.06 5.83 1.6 7182 -2 0.1 0.1
53 298 0.07 1.22 0.09 94.32 38.07 5.83 1.6 7182.4 -4 0.19 0.19
54 297 0.04 1.22 0.05 100 38.07 5.81 1.6 7183.5 -2 0.24 0.24
55 296 0.06 1.22 0.07 85.52 38.08 5.83 1.6 7182 -3.5 0.31 0.31
56 295 0.09 1.22 0.11 100 38.07 5.81 1.6 7184 -4.5 0.42 0.42
57 294 0.01 1.22 0.01 100 38.09 5.83 1.6 7182 -0.5 0.43 0.43
58 293 0.04 1.22 0.05 100 38.06 5.8 1.6 7185 -2 0.48 0.48
59 292 0 .02 1.231 0.02 84.77 37.63 6.98 1.3 7133.2 -1 0.5 0.5
60 291 0.01 1.25 0.01 60 37.48 7.71 0.77 7171 -1 0.51 0.51
61 290 0.1 1.25 0.13 100 37.16 8.43 0.79 7098.1 -5 0.64 0.64
62 289 0.03 1.22 0.04 100 38.08 5.84 1.6 7181 -1.5 0.68 0.68
63 288 0.06 1.22 0.07 97.24 38.06 5.82 1.6 7182.3 -3 0.75 0.75
64 287 0.05 1.22 0.06 95.53 38.06 5.83 1.6 7181.2 -2.5 0.81 0.81
65 286 0 .02 1.233 0.02 90.99 38.49 5.69 1.3 7292.7 -1 0.83 0.83
66 285 0 0 0 0 0 0 0 0 0 0.83 0.83
67 284 0.05 1.227 0.07 60 37.89 5.12 1.12 7279.2 -2.26 0.9 0.9
68 283 0.06 1.22 0.08 72.9 37.85 6.16 1.61 7149.2 -0.3 0.98 0.98
69 282 0.8 1.22 0.97 53.85 38.03 5.31 1.61 7234.9 9.74 1.95 1.95
70 281 1.8 1.22 2.2 92.32 38.05 5.16 1.61 7249.6 31.62 4.15 4.15
71 280 3.16 1.22 3.85 90.48 38.05 5.21 1.58 7246.6 48 .18 8 8
72 279 4.1 1.22 5 89.18 38.08 5.04 1.6 7261.2 70.32 13 13
73 278 2.58 1.221 3.15 96.05 38.06 5.08 1.56 7261 40.74 16.15 16.15
74 277 0.85 1.221 1.04 89.35 38 5.31 1.56 7237 10.9 17.19 17.19
75 276 0.35 1.22 0.43 94.55 38.07 5.17 1.61 7249.1 5.58 17.62 17.62
76 275 0.17 1.224 0.21 73.14 35.94 9.88 1.32 6853.3 2.3 17.83 17.83
77 274 0.4 1.222 0.49 76.65 36.06 10.02 1.49 6831 -4.34 18.32 18.32
78 273 0.26 1.224 0 .32 61.79 34.56 13.55 1.39 6532.4 2.1 18.64 18.64
79 272 0.33 1.223 0.4 60.36 35.35 11.87 1.44 6673.4 0.76 19.04 19.04
80 271 0.67 1.227 0.82 67.72 34.17 14.26 1.04 6502.1 5.66 19.86 19.86
81 270 1.22 1.226 1.49 74.08 35.09 12.13 1.17 6676.5 17.68 21.35 21.35
82 269 0.7 1.225 0.86 72.66 34.86 12.77 1.21 6615 7.68 22.21 22.21
83 268 0.71 1.226 0.87 74.97 35.33 11.7 1.13 6717.8 6.48 23.08 23.08
84 267 0.99 1.228 1.22 79.48 36.47 9.27 1.21 6939.2 14 24.3 24.3
85 266 0.63 1.223 0.77 74 36.61 9.1 1.4 6925.8 6.76 25.07 25.07
86 265 0.77 1.229 0.95 67.3 36.2 10.08 1.02 6894.5 9.84 26.02 26 .02
87 264 1.93 1.231 2.38 72.71 37.61 7.19 1.18 7133.3 30.3 28.4 28.4
88 263 3.82 1.226 4 .68 83.03 37.82 6.12 1.27 7194.1 63.1 33.08 33.08
89 262 4.98 1.229 6.12 87.5 37.96 5.23 1.02 7290.2 85.74 39.2 39.2
90 261 6.09 1.231 7.49 88.38 38 5.14 0.96 7307.2 100.28 46.69 46 .69
91 260 9.27 1.234 11.45 90.06 37.94 5.6 0.92 7284.7 149.08 58.14 58.14
92 259 10.6 1.233 13.07 90.62 38.02 4 .92 0.84 7338.6 178.42 71.21 71.21
93 258 12.01 1.231 14.79 92.65 37.96 4.61 0.82 7353.6 211.7 86 86
94 257 12.75 1.234 15.73 93.76 38.07 4.48 0.75 7380.8 223.26 101.73 101.73
95 256 9.57 1.234 11.81 94.42 37.92 4 .92 0.78 7342.4 166.94 113.54 113.54
96 255 6.39 1.24 7.93 90.87 38.16 5.38 0.78 7336.8 111.72 121.47 121.47
97 254 4.61 1.243 5.73 94.9 37.88 6.51 0.78 7256 77.9 127.2 127.2
98 253 3.76 1.241 4 .66 92.32 38.28 5.51 0.74 7340 66.5 131.86 131.86
99 252 3.67 1.24 4 .55 92.25 37.75 6.86 0.83 7214.9 63.54 136.41 136.41
100 251 3.23 1.242 4.01 90.8 38.22 5.64 0.76 7330.7 56.76 140.42 140.42
101 250 3.8 1.238 4.71 89.21 37.54 7.17 0.89 7179.1 65.78 145.13 145.13
102 249 4 .28 1.234 5.29 90.14 37.04 8.19 0.96 7066.6 69.2 150.42 150.42
103 248 4.03 1.237 4 .99 91.88 37.15 7.86 0.88 7106.9 70.56 155.41 155.41
104 247 2.9 1.237 3.58 88.1 38.3 5.45 0.89 7322.5 50.1 158.99 158.99
105 246 3.82 1.238 4.73 89.14 38.42 5.51 0.92 7319.8 66.48 163.72 163.72
106 245 4 .42 1.241 5.49 88.23 38.37 5.89 0.85 7303.4 75.62 169.21 169.21
223
1 2 3 4 5 6 7 8 9 10 11 12 13
107 244 4.6 1.245 5.73 92.17 38.53 5.7 0.78 7332.8 78.94 174.94 174.94
108 243 3.83 1.245 4.77 95.23 38.58 5.82 0.8 7329.1 66.86 179.71 179.71
109 242 3.02 1.242 3.76 93.79 38.42 6.01 0.77 7310.7 47.62 183.47 183.47
110 241 2.67 1.243 3.31 87.89 38.4 6.19 0.8 7301.1 35.48 186.78 186.78
111 240 2.51 1.243 3.12 90.56 38.35 6.11 0.76 7309.9 30.92 189.9 189.9
112 239 3.1 1.241 3.85 88.81 38.44 6.04 0.86 7316.6 47.92 193.75 193.75
113 238 2.47 1.241 3.06 88.75 38.58 5.87 0.85 7339.8 43.02 196.81 196.81
114 237 2.41 1.24 2.99 88.69 38.65 5.62 0.89 7354.2 40.2 199.8 199.8
115 236 2.75 1.239 3.41 86.51 38.53 6.11 0.99 7308.3 47.4 203.21 203.21
116 235 2.57 1.238 3.18 91.96 38.68 5.64 0.93 7343.8 44.1 206.39 206.39
117 234 1.85 1.237 2.28 90.84 38.53 5.81 1 7313.8 27.78 208.67 208.67
118 233 1.35 1.239 1.67 91.01 38.71 5.26 0.94 7343.7 21.92 210.34 210.34
119 232 1.36 1.239 1.69 90.36 38.43 5.84 0.97 7297.1 20.62 212.03 212.03
120 231 0.86 1.239 1.06 87.1 38.09 6.88 0.98 7208 14.76 213.09 213.09
121 230 1.68 1.24 2.08 83.2 37.83 7.01 1 7200 23.54 215.17 215.17
122 229 1.18 1.24 1.46 88.08 38.36 6 1.02 7285.4 13.26 216.63 216.63
123 228 1.23 1.233 1.52 82.82 37.91 6.94 1.17 7169.4 13.84 218.15 218.15
124 227 1.91 1.223 2.34 79.45 37.75 7.11 1.48 7087.4 29.26 220.49 220.49
125 226 7.77 1.221 9.48 79.87 38.28 6.05 1.56 7167.8 131.74 229.97 229.97
126 225 11.14 1.221 13.6 94.38 38.26 5.94 1.53 7178.9 193.38 243.57 243.57
127 224 4.42 1.222 5.4 92.09 38.27 5.74 1.49 7200.9 78.02 248.97 248.97
128 223 2.26 1.224 2.77 82.2 38 5.49 1.3 7236 38.66 251.74 251.74
129 222 1.76 1.225 2.16 81.27 37.93 5.89 1.36 7199.8 27.76 253.9 253.9
130 221 0 0 0 0 0 0 0 0 0 253.9 253.9
131 220 2.02 1.223 2.47 81.47 37.84 6.3 1.43 7157.6 33.9 256.37 256.37
132 219 4.2 1.222 5.13 86.95 37.56 6.87 1.5 7100.2 59.24 261.5 261.5
133 218 4.64 1.224 5.67 88.58 37.08 8.15 1.45 7000.9 67.98 267.17 267.17
134 217 2.81 1.227 3.44 79.15 36.86 8.49 1.32 6989.6 40.42 270.61 270.61
135 216 2.27 1.229 2.8 81.52 33.63 15.6 1.13 6389.3 32.16 273.41 273.41
136 215 1.2 1.229 1.47 77.58 35.92 10.39 0.99 6862.8 18.14 274.88 274.88
137 214 0.82 1.228 1.01 88.93 35.92 10.24 0.91 6872.4 10.94 275.89 275.89
138 213 0.88 1.232 1.08 72.19 35.35 11.86 0.94 6741.4 14.16 276.97 276.97
139 212 1.56 1.23 1.92 77.86 33.88 15.13 1.09 6436.9 24.16 278.89 278.89
140 211 0.57 1.23 0.71 76.35 34.98 11.75 0.85 6735.9 9.08 279.6 279.6
141 210 0.48 1.225 0.59 84.22 35.57 10.64 1.01 6811.4 5.78 280.19 280.19
142 209 1.6 1.225 1.97 81.53 35.35 11.52 1.12 6730.1 24.24 282.16 282.16
143 208 1.84 1.228 2.26 79.09 36.63 8.62 1.07 7000 31.34 284.42 284.42
144 207 3.14 1.232 3.87 79.51 37.42 6.37 0.9 7217.1 53.28 288.29 288.29
145 206 1.99 1.244 2.47 90.57 37.9 5.95 0.75 7325.5 34.86 290.76 290.76
146 205 1.67 1.25 2.09 93.11 38.78 3.91 0.61 7537.2 29.6 292.85 292.85
147 204 1.96 1.25 2.45 96.22 38.78 3.89 0.61 7540.1 35 295.3 295.3
148 203 1.97 1.25 2.46 88.09 38.59 4.31 0.62 7498.9 34.4 297.76 297.76
149 202 1.95 1.25 2.44 93.9 38.74 3.95 0.61 7534.1 34.4 300.2 300.2
150 201 2.41 1.25 3.02 96.91 38.75 3.94 0.61 7535 43.02 303.22 303.22
151 200 1.81 1.25 2.27 90.34 38.71 4.01 0.61 7528.4 31.76 305.49 305.49
152 199 1.52 1.25 1.9 96.21 38.58 4.29 0.62 7502 27 307.39 307.39
153 198 1.72 1.249 2.15 88.99 38.36 4.84 0.64 7447.8 30.2 309.54 309.54
154 197 1.43 1.25 1.79 89.44 38.97 3.69 0.63 7548.6 24.84 311.33 311.33
155 196 2.09 1.25 2.61 96.61 39 3.68 0.63 7547.5 37.24 313.94 313.94
156 195 2.03 1.25 2.54 90.02 39.09 3.64 0.65 7546.5 35.66 316.48 316.48
157 194 1.79 1.25 2.24 95.36 39.15 3.61 0.66 7546 31.82 318.72 318.72
158 193 1.8 1.25 2.25 94.61 39.24 3.59 0.67 7542.7 32.02 320.97 320.97
159 192 1.7 1.25 2.13 92.06 39.24 3.55 0.67 7546.1 29.94 323.1 323.1
160 191 1.21 1.25 1.52 97.68 39.25 3.53 0.66 7548.3 21.76 324.62 324.62
161 190 1.03 1.25 1.28 94.57 39.27 3.45 0.66 7557.8 18.34 325.9 325.9
162 189 0.8 1.25 1 93.38 39.28 3.4 0.65 7563.5 13.94 326.9 326.9
163 188 0.82 1.25 1.02 95.12 39.29 3.38 0.65 7565.7 14.6 327.92 327.92
164 187 0.79 1.25 0.99 88.23 39.29 3.35 0.65 7569.1 13.8 328.91 328.91
165 186 0.88 1.25 1.1 100 39.3 3.31 0.64 7573.9 15.84 330.01 330.01
166 185 0.68 1.25 0.85 96.32 39.32 3.25 0.64 7580.3 12.18 330.86 330.86
167 184 0.33 1.25 0.41 100 39.33 3.23 0.64 7583.3 5.94 331.27 331.27
168 183 0.16 1.25 0.2 100 39.33 3.2 0.63 7586.5 2.88 331.47 331.47
169 182 0 0 0 0 0 0 0 0 0 331.47 331.47
224
nested pit 1 to 2
i 2 3 4 5 6 7 8 9 10 11 12 13
i 350 0 0 0 0 0 0 0 0 0 12 331.47
69 282 0 0 0 0 0 0 0 0 0 12 331.47
70 281 0.09 1.22 0.11 75.11 38.15 4.67 1.62 7301.1 1.62 12.11 331.58
71 280 0.66 1.22 0.81 86.25 38.11 4.91 1.61 7276.1 11.5 12.92 332.39
72 279 1.08 1.22 1.31 76.91 38.09 4.91 1.59 7274.5 18.18 14.23 333.7
73 278 1.5 1.22 1.83 99.45 38.11 4.96 1.61 7270.7 26.98 16.06 335.53
74 277 0.76 1.22 0.93 86.18 38.08 4.47 1.46 7313.4 13.38 16.99 336.46
75 276 0.2 1.22 0.25 98.97 38.03 5.28 1.61 7237.8 3.64 17.24 336.71
76 275 0.01 1.22 0.01 60 38.06 5.14 1.61 7252 0.2 17.25 336.72
77 274 0.26 1.22 0.32 100 38.02 5.28 1.61 7237.1 4.68 17.57 337.04
78 273 0.22 1.22 0.27 100 38.02 5.29 1.61 7236.6 3.96 17.84 337.31
79 272 0.07 1.23 0.09 35 30.18 23.27 1.13 5710.5 1 17.93 337.4
80 271 0.17 1.224 0.21 63.27 34.88 12.95 1.41 6580.8 2.76 18.14 337.61
81 270 0.4 1.221 0.49 86.1 37.31 7.3 1.52 7063.9 6.78 18.63 338.1
82 269 0.38 1.222 0.46 78.95 37.16 7.7 1.41 7037 6.52 19.09 338.56
83 268 0.27 1.221 0.33 75.88 37.69 6.78 1.51 7106.5 4.5 19.42 338.89
84 267 0.47 1.22 0.57 84.04 38.14 5.81 1.6 7184.6 8.12 19.99 339.46
85 266 0.72 1.223 0.88 80.65 37.65 6.81 1.46 7116 12.36 20.87 340.34
86 265 1.03 1.221 1.26 77.18 37.4 7.39 1.49 7054.8 17.1 22.13 341.6
87 264 1.18 1.221 1.44 85.15 37.92 6.35 1.56 7143.5 20.22 23.57 343.04
88 263 1.61 1.221 1.97 86.25 37.72 6.47 1.47 7133.7 28 25.54 345.01
89 262 1.58 1.221 1.92 82.98 37.77 6.38 1.47 7141.3 26.98 27.46 346.93
90 261 1.48 1.221 1.81 75.54 37.89 5.81 1.37 7196.5 24.7 29.27 348.74
91 260 1.59 1.221 1.94 74.22 37.89 5.51 1.24 7231 26.66 31.21 350.68
92 259 2.07 1.221 2.53 83.98 37.58 6.06 1.27 7173.6 35.6 33.74 353.21
93 258 2.42 1.224 2.96 80.19 36.66 8.24 1.19 6997.5 41.1 36.7 356.17
94 257 2.1 1.224 2.57 80.72 37.75 5.65 1.12 7232.3 35.8 39.27 358.74
95 256 3.85 1.226 4.72 80.61 37.51 6.3 1.07 7187.5 65.86 43.99 363.46
96 255 4.86 1.225 5.96 81.73 37.51 5.72 1.01 7229.1 83.2 49.95 369.42
97 254 5.35 1.228 6.57 84.3 37 7.32 1.02 7105.6 91.98 56.52 375.99
98 253 5.3 1.229 6.52 72.66 35.61 11.29 1.03 6778.6 88.84 63.04 382.51
99 252 2.79 1.231 3.43 76.48 37.05 8.62 1.14 7017.1 46.56 66.47 385.94
100 251 3.25 1.23 4 79.29 36.55 9.72 1.11 6923.8 55.22 70.47 389.94
101 250 3.59 1.231 4.42 70.01 35.38 12.06 1.01 6721.1 58.76 74.89 394.36
102 249 4.03 1.231 4.95 63.84 34.83 13.18 0.98 6621.6 64.42 79.84 399.31
103 248 4.87 1.231 5.99 75.71 34.47 14.1 0.99 6546.2 81.76 85.83 405.3
104 247 4.62 1.232 5.7 69.99 34.96 12.93 0.9 6657.2 69.3 91.53 411
105 246 3.74 1.232 4.61 71.16 35.83 11.33 0.96 6804.3 55.52 96.14 415.61
106 245 3.28 1.234 4.05 78.18 37.05 8.87 0.98 7028.4 54.92 100.19 419.66
107 244 3.34 1.234 4.12 77 35.63 11.75 0.96 6768 56.04 104.31 423.78
108 243 4.28 1.232 5.27 80.42 36.95 8.81 0.97 7024 72.68 109.58 429.05
109 242 3.2 1.234 3.95 77.09 36.12 10.81 0.92 6864.1 52.32 113.53 433
110 241 3.61 1.233 4.46 77.65 36.55 9.57 0.92 6962.3 60.82 117.99 437.46
111 240 4.25 1.232 5.24 81.23 36.99 8.98 1.01 7013.6 72.86 123.23 442.7
112 239 4.55 1.234 5.61 79.53 37.35 8.09 1.05 7086.1 76.82 128.84 448.31
113 238 4.13 1.234 5.1 75.49 36.7 9.67 1.08 6953 69.34 133.94 453.41
114 237 6.44 1.234 7.95 85.54 37.54 7.88 1.01 7121.6 111.4 141.89 461.36
115 236 6.02 1.238 7.46 83.39 37.42 8.41 1.02 7094.4 103.34 149.35 468.82
116 235 6.82 1.236 8.42 86.15 37.42 8.45 1.01 7098.2 117.88 157.77 477.24
117 234 6.39 1.234 7.89 85.39 38.25 6.44 0.87 7283.3 110.58 165.66 485.13
118 233 5.95 1.235 7.34 84.38 37.81 7.54 0.94 7177.3 102.84 173 492.47
119 232 6.44 1.234 7.95 84.5 37.5 8.18 1 7111 110.88 180.95 500.42
120 231 6.27 1.237 7.75 85.7 38.3 6.77 1.13 7246 108.04 188.7 508.17
121 230 6.86 1.235 8.47 86.89 37.81 7.64 1.15 7137 118.78 197.17 516.64
122 229 7.66 1.234 9.45 86.13 37.57 7.82 1.06 7115.8 133.04 206.62 526.09
123 228 7.59 1.233 9.36 84.19 37.65 7.67 1.06 7124.1 131.02 215.98 535.45
124 227 7.89 1.235 9.74 89.31 38.12 6.81 1.07 7205.4 137.72 225.72 545.19
125 226 8.23 1.235 10.16 84.92 37.51 8.11 1.07 7093.7 142.54 235.88 555.35
126 225 8.18 1.236 10.12 84.82 37.08 8.83 1.02 7039.7 141.94 246 565.47
127 224 8.08 1.239 10.01 85.94 37.19 8.56 0.92 7079.8 139.92 256.01 575.48
128 223 7.66 1.241 9.51 83.97 36.55 9.91 0.86 6966 131.98 265.52 584.99
129 222 8.92 1.241 11.07 88.2 36.36 10.35 0.86 6928.2 156 276.59 596.06
130 221 0 0 0 0 0 0 0 0 0 276.59 596.06
225
1 2 3 4 5 6 7 8 9 10 11 12 13
131 220 10.16 1.24 12.6 85.38 36.58 9.77 0.91 6971.2 175.74 289.19 608.66
132 219 10.31 1.24 12.78 87.12 36.21 10.55 0.91 6899.8 179.76 301.97 621.44
133 218 10.54 1.24 13.06 87.32 35.97 11.09 0.89 6855 182.64 315.03 634.5
134 217 12.86 1.238 15.91 85.6 35.09 12.97 0.94 6678.1 222.4 330.94 650.41
135 216 13.81 1.236 17.06 86.26 34.28 14.69 0.96 6518.9 239.36 348 667.47
136 215 16.16 1.236 19.98 84.27 35.16 12.77 0.89 6700.4 278.98 367.98 687.45
137 214 12.69 1.241 15.75 86.52 36.5 10.1 0.86 6961.5 219.9 383.73 703.2
138 213 10.87 1.244 13.52 87.91 37.83 7.29 0.87 7219.7 189.32 397.25 716.72
139 212 11.32 1.244 14.08 89.75 37.76 7.4 0.86 7209.9 197.94 411.33 730.8
140 211 10.82 1.244 13.45 87.93 37.98 6.79 0.83 7263.2 187.96 424.78 744.25
141 210 10.37 1.243 12.89 86.5 38 6.77 0.9 7264 179.42 437.67 757.14
142 209 9.7 1.243 12.06 85.17 37.89 6.87 0.85 7246.4 166.98 449.73 769.2
143 208 8.74 1.244 10.86 88.4 37.74 7.2 0.8 7221 152.66 460.59 780.06
144 207 8.25 1.24 10.23 78.41 37.77 6.52 0.79 7256.4 139.38 470.82 790.29
145 206 5.53 1.245 6.88 84.74 37.54 7.84 0.78 7175.7 95.06 477.7 797.17
146 205 6.99 1.244 8.69 80.2 37.29 8.32 0.76 7126 119.08 486.39 805.86
147 204 10.3 1.247 12.84 82.97 37.88 6.97 0.71 7248.8 177.22 499.23 818.7
148 203 11.39 1.247 14.2 91.94 37.95 6.74 0.69 7269.4 200.36 513.43 832.9
149 202 5.53 1.243 6.87 87.02 36.95 8.67 0.7 7084.7 96.4 520.3 839.77
150 201 3.16 1.244 3.93 81.34 37.27 7.84 0.69 7163.2 53.56 524.23 843.7
151 200 3.94 1.244 4.9 84.44 37.09 8.13 0.71 7137.1 68.08 529.13 848.6
152 199 5.39 1.242 6.69 75.33 35.88 10.71 0.78 6896.4 89.16 535.82 855.29
153 198 5.99 1.241 7.44 83.84 36.33 9.7 0.73 6989.3 102.8 543.26 862.73
154 197 3.48 1.247 4.34 93.94 38.16 5.53 0.62 7380.2 61.58 547.6 867.07
155 196 3.16 1.25 3.95 94.15 38.64 4.53 0.63 7474.4 56.04 551.55 871.02
156 195 3.82 1.25 4.78 91.89 38.7 4.41 0.64 7484.3 67.18 556.33 875.8
157 194 3.65 1.25 4.56 92.6 38.7 4.37 0.63 7489 64.28 560.89 880.36
158 193 3.9 1.25 4.88 94.23 38.68 4.31 0.62 7495.1 68.9 565.77 885.24
159 192 4.1 1.25 5.13 91.9 38.72 4.28 0.63 7495.7 72.16 570.9 890.37
160 191 4.79 1.25 5.98 90.37 38.79 4.25 0.64 7495.9 83.86 576.88 896.35
161 190 5.3 1.25 6.63 93.28 38.82 4.16 0.64 7502.3 93.82 583.51 902.98
162 189 5.53 1.25 6.91 91.86 38.83 4.16 0.64 7501 97.42 590.42 909.89
163 188 4.59 1.25 5.74 93.38 38.84 4.18 0.64 7500.4 81.26 596.16 915.63
164 187 5.01 1.25 6.26 92.34 38.8 4.23 0.64 7497.2 88.54 602.42 921.89
165 186 5.29 1.25 6.61 89.57 38.81 4.2 0.63 7497.9 92.54 609.03 928.5
166 185 8.2 1.25 10.25 82.8 38.87 4.06 0.62 7508.4 141.1 619.28 938.75
167 184 11.85 1.25 14.81 96.57 38.91 3.97 0.61 7514.8 211.46 634.09 953.56
168 183 10.37 1.25 12.96 99.41 38.95 3.88 0.61 7523.6 186.24 647.05 966.52
169 182 4.4 1.25 5.49 95.65 39.07 3.75 0.63 7534.6 78.34 652.54 972.01
170 181 2.99 1.25 3.73 90.29 39.3 3.39 0.66 7568.5 52.18 656.27 975.74
171 180 2.66 1.25 3.33 96.28 39.3 3.37 0.66 7571.8 47.42 659.6 979.07
172 179 2.12 1.25 2.65 93.58 39.29 3.42 0.66 7566.6 37.68 662.25 981.72
173 178 2.26 1.25 2.83 88.23 39.29 3.42 0.66 7567.3 39.4 665.08 984.55
174 177 2.11 1.25 2.64 97.34 39.29 3.43 0.66 7567.4 37.82 667.72 987.19
175 176 1.95 1.25 2.44 93.59 39.29 3.43 0.66 7566.9 34.64 670.16 989.63
176 175 1.75 1.25 2.18 96.66 39.28 3.44 0.66 7566.2 31.16 672.34 991.81
177 174 1.66 1.25 2.08 95.78 39.28 3.46 0.67 7566 29.62 674.42 993.89
178 173 1.58 1.25 1.97 93.27 39.28 3.43 0.66 7568.9 27.94 676.39 995.86
179 172 2.35 1.25 2.94 85.51 39.3 3.29 0.65 7582.6 40.34 679.33 998.8
180 171 4.18 1.25 5.23 88.2 39.3 3.07 0.6 7605 73.32 684.56 1004.03
181 170 4.23 1.25 5.29 100 39.35 3.02 0.62 7611.2 76.14 689.85 1009.32
182 169 3.21 1.25 4.01 100 39.36 2.96 0.62 7616.7 57.78 693.86 1013.33
183 168 1.04 1.25 1.3 100 39.37 2.92 0.61 7621.5 18.72 695.16 1014.63
184 167 0 0 0 0 0 0 0 0 0 695.16 1014.63
nested )it 2 to 3
i 350 0 0 0 0 0 0 0 0 0 0 1014.63
66 285 0 0 0 0 0 0 0 0 0 0 1014.63
67 284 0.05 1.22 0.06 37.69 37.89 2.57 0.74 7467.5 0.76 0.06 1014.69
68 283 0.02 1.22 0.03 50 37.78 5.38 1.39 7216.7 0.36 0.09 1014.72
69 282 0.11 1.22 0.13 44.55 37.98 5.44 1.61 7221.3 1.6 0.22 1014.85
70 281 0.44 1.22 0.54 85.76 38.03 5.09 1.57 7255 7.58 0.76 1015.39
71 280 0.52 1.22 0.64 96.67 38.03 4.99 1.55 7264.1 9.38 1.4 1016.03
72 279 0.93 1.22 1.13 84.38 38.06 4.86 1.52 7275.7 16.2 2.53 1017.16
226
1 1 2 3 4 5 6 7 8 9 10 11 12 13
73 278 0.78 1.22 0.95 94.12 38.1 4.75 1.54 7288.3 13.72 3.48 1018.11
74 277 0.17 1.22 0.21 59.66 37.93 3.89 1.15 7356 2.84 3.69 1018.32
75 276 0.25 1.22 0.31 90 37.96 5.56 1.61 7209.8 4.4 4 1018.63
76 275 0.06 1.23 0.08 41.29 30.21 23.24 1.14 5714.7 0.86 4.08 1018.71
77 274 0.22 1.225 0.27 63.45 34.06 14.43 1.37 6460.6 1.2 4.35 1018.98
78 273 0.23 1.222 0.28 89.06 36.3 9.26 1.5 6898.8 4.04 4.63 1019.26
79 272 1.01 1.228 1.24 71.03 32.23 18.73 1.23 6094.7 17.2 5.87 1020.5
80 271 0.22 1.23 0.27 60.28 30.46 22.58 1.09 5773.1 3.44 6.14 1020.77
81 270 0.54 1.225 0.66 68.85 34.37 13.9 1.28 6512.6 9.06 6.8 1021.43
82 269 0.03 1.23 0.04 23.1 33.66 14.92 0.68 6469 0.32 6.84 1021.47
83 268 0.24 1.23 0.29 61.09 33.17 16.13 0.75 6360.8 3.84 7.13 1021.76
84 267 0.16 1.23 0.2 38 33.61 15.11 0.7 6454.4 2.28 7.33 1021.96
85 266 0.04 1.23 0.05 40 36.67 9.18 0.55 7039 0.6 7.38 1022.01
86 265 0.38 1.222 0.46 32.63 37.88 6.35 1.43 7160.6 5.04 7.84 1022.47
87 264 1.8 1.22 2.2 84.77 37.99 5.02 1.31 7259.9 31.2 10.04 1024.67
88 263 1.63 1.221 1.99 74.38 37.69 4.42 1.02 7311.4 27.76 12.03 1026.66
89 262 1.01 1.221 1.24 75.73 37.82 3.86 0.95 7360.9 17.04 13.27 1027.9
90 261 0.72 1.224 0.88 92.43 37.98 4.17 1 7350.5 12.72 14.15 1028.78
91 260 0.77 1.225 0.94 91.01 37.22 5.14 0.77 7272.4 13.52 15.09 1029.72
92 259 0.56 1.232 0.69 87.84 36.98 7.27 0.87 7127.1 9.76 15.78 1030.41
93 258 0.74 1.245 0.92 88.81 38.15 5.61 0.7 7331.6 12.98 16.7 1031.33
94 257 0.81 1.25 1.01 92.87 38.22 5.58 0.62 7353.5 14.32 17.71 1032.34
95 256 0.67 1.248 0.83 90 38.14 5.32 0.67 7358.2 11.64 18.54 1033.17
96 255 1.51 1.242 1.87 67.75 35.16 12.46 0.87 6728.3 24.24 20.41 1035.04
97 254 1.75 1.239 2.17 86.3 34.51 14 0.94 6586.7 30.36 22.58 1037.21
98 253 1.13 1.236 1.39 65.69 34.66 12.92 0.79 6659.2 18.22 23.97 1038.6
99 252 0.94 1.231 1.16 62.5 33.45 15.79 0.99 6381.9 15.32 25.13 1039.76
100 251 0.55 1.231 0.67 78.7 33 17.02 1.11 6271 9.26 25.8 1040.43
101 250 0.89 1.231 1.1 48.31 32.55 17.27 0.87 6239.1 12.88 26.9 1041.53
102 249 0.96 1.231 1.18 47.2 33.66 15 0.77 6454.1 14.58 28.08 1042.71
103 248 0.44 1.232 0.54 56.77 33.79 14.71 0.72 6491.9 7.04 28.62 1043.25
104 247 0.78 1.232 0.96 51.29 34.04 14.17 0.72 6539.5 12.04 29.58 1044.21
105 246 0.94 1.237 1.16 52.81 36.1 10.37 0.84 6869.4 14.7 30.74 1045.37
106 245 1.22 1.245 1.52 90.75 38.47 5.53 0.77 7303.2 21.52 32.26 1046.89
107 244 1.53 1.248 1.91 89.15 38.53 5.98 0.8 7279.4 26.8 34.17 1048.8
108 243 1.73 1.249 2.17 92.02 38.44 6.39 0.81 7257.2 27.86 36.34 1050.97
109 242 1.28 1.245 1.59 97.27 38.54 6.08 0.98 7276.4 21.32 37.93 1052.56
110 241 0.27 1.238 0.34 62.38 36.98 9.21 1.15 7010.9 3.28 38.27 1052.9
111 240 0.69 1.246 0.86 60.49 36.57 10.06 0.94 6914.8 4.2 39.13 1053.76
112 239 2.49 1.235 3.07 74.7 37 8.79 1.26 6977.9 36.14 42.2 1056.83
113 238 2.43 1.248 3.03 80.71 37.07 9.59 1.06 7024.3 41.88 45.23 1059.86
114 237 2.72 1.248 3.39 83.9 37.62 8.47 1.06 7138.8 46.88 48.62 1063.25
115 236 1.92 1.245 2.39 80.33 38.21 7.1 1.14 7253.5 32.88 51.01 1065.64
116 235 1.39 1.249 1.74 77.57 37.9 7.86 1.13 7184.3 23.7 52.75 1067.38
117 234 2.08 1.247 2.59 80.64 38.36 7.59 1.46 7217.5 35.7 55.34 1069.97
118 233 2.88 1.248 3.6 87.39 38.68 7.41 1.58 7254.1 50.46 58.94 1073.57
119 232 2.08 1.248 2.6 86.46 38.92 7.2 1.7 7280.1 36.12 61.54 1076.17
120 231 0.99 1.246 1.23 86 38.53 7.91 1.73 7203.5 17.08 62.77 1077.4
121 230 1.32 1.245 1.65 78.28 38.25 8.23 1.67 7169.8 22.46 64.42 1079.05
122 229 1.53 1.241 1.9 86.81 37.68 8.8 1.55 7083.2 26.68 66.32 1080.95
123 228 1.06 1.235 1.31 82.76 37.24 8.93 1.35 7027.5 18.3 67.63 1082.26
124 227 1.76 1.226 2.16 72.75 35.3 12.28 1.26 6669.9 29.38 69.79 1084.42
125 226 1.69 1.23 2.08 80.81 34.56 13.87 1.18 6548.1 29.18 71.87 1086.5
126 225 1.87 1.228 2.3 71.41 35.07 12.43 1.27 6654.6 31.28 74.17 1088.8
127 224 3.38 1.224 4.13 88.53 36.53 9.13 1.44 6916.6 58.44 78.3 1092.93
128 223 4.18 1.223 5.12 88.75 37.19 7.68 1.47 7040.2 73.18 83.42 1098.05
129 222 3.99 1.223 4.88 82.72 37.78 6.14 1.42 7172.2 68.56 88.3 1102.93
130 221 0 0 0 0 0 0 0 0 0 88.3 1102.93
131 220 2.45 1.222 2.99 82.14 37.84 5.76 1.37 7200.7 41.48 91.29 1105.92
132 219 1.45 1.226 1.77 63.83 36.93 7.54 1.07 7077.7 23.08 93.06 1107.69
133 218 2.31 1.233 2.85 72.53 35.63 11.35 0.86 6813.1 38.28 95.91 1110.54
134 217 3.44 1.233 4.24 65.53 33.25 16.58 1 6326.7 56.04 100.15 1114.78
135 216 4.21 1.233 5.19 71.76 35.04 12.65 0.8 6697.9 70.66 105.34 1119.97
136 215 4.48 1.231 5.52 71.69 35.24 12 0.77 6751.1 75.08 110.86 1125.49
227
1 2 3 4 5 6 7 8 9 10 11 12 13
137 214 3.27 1.233 4.03 68.16 35.39 11.7 0.77 6782.6 53.46 114.89 1129.52
138 213 2.78 1.234 3.43 68.84 35.48 11.59 0.83 6792 45.54 118.32 1132.95
139 212 1.73 1.233 2.13 69.5 35.83 10.89 1 6833.3 28.08 120.45 1135.08
140 211 1.24 1.231 1.52 62.95 35.46 11.72 1.1 6744.9 19.86 121.97 1136.6
141 210 1.22 1.224 1.5 59.11 35.72 10.3 1.19 6820.2 19.42 123.47 1138.1
142 209 1.45 1.225 1.77 63.56 36.22 9.13 1.11 6930.8 23.18 125.24 1139.87
143 208 1.53 1.23 1.88 76.87 35.6 10.76 0.79 6838.4 25.98 127.12 1141.75
144 207 1.05 1.234 1.29 71.74 36.21 9.66 0.75 6955.2 17.4 128.41 1143.04
145 206 1.67 1.236 2.06 76.98 34.97 13.02 0.78 6676.7 28.34 130.47 1145.1
146 205 2.3 1.238 2.85 82.57 36.18 10.35 0.7 6924.2 39.62 133.32 1147.95
147 204 3.53 1.24 4.38 78.83 36.51 9.63 0.69 6992.1 60.04 137.7 1152.33
148 203 3.5 1.239 4.34 88.1 36.33 10.01 0.71 6957.1 61.14 142.04 1156.67
149 202 2.6 1.24 3.22 90.28 36.08 10.52 0.72 6910.1 45.68 145.26 1159.89
150 201 2.46 1.239 3.05 84.86 35.97 10.7 0.72 6892 42.5 148.31 1162.94
151 200 1.51 1.242 1.88 84.76 36.33 9.97 0.75 6962.7 26.04 150.19 1164.82
152 199 1.73 1.24 2.14 77.43 35.77 11.15 0.77 6851.6 28.96 152.33 1166.96
153 198 2.18 1.241 2.7 83.97 37.34 7.51 0.63 7193.1 37.44 155.03 1169.66
154 197 1.8 1.25 2.25 90.3 38.65 4.44 0.62 7484.8 31.68 157.28 1171.91
155 196 2.22 1.25 2.77 93.06 38.65 4.4 0.62 7488.2 39.24 160.05 1174.68
156 195 2.23 1.25 2.79 93.86 38.67 4.32 0.62 7495.8 39.62 162.84 1177.47
157 194 2.63 1.25 3.29 95.06 38.66 4.31 0.62 7497.7 46.64 166.13 1180.76
158 193 2.96 1.25 3.7 95.24 38.66 4.28 0.62 7500.4 52.74 169.83 1184.46
159 192 3.13 1.25 3.91 91.82 38.67 4.27 0.62 7500.3 55.14 173.74 1188.37
160 191 3.97 1.25 4.96 93.73 38.65 4.21 0.61 7508.1 70.16 178.7 1193.33
161 190 4.93 1.25 6.16 92.29 38.65 4.17 0.61 7512.5 87.02 184.86 1199.49
162 189 4.83 1.25 6.04 93.02 38.66 4.15 0.62 7512.3 85.2 190.9 1205.53
163 188 4.79 1.25 5.99 93.83 38.75 4.06 0.62 7516.9 84.92 196.89 1211.52
164 187 5.61 1.25 7.01 93.76 38.81 3.98 0.62 7522.5 99.44 203.9 1218.53
165 186 5.4 1.25 6.75 91.41 38.88 3.87 0.61 7528.4 94.86 210.65 1225.28
166 185 6.34 1.25 7.92 90.46 39.02 3.61 0.6 7549.1 111.32 218.57 1233.2
167 184 6.53 1.25 8.16 95.56 39.09 3.48 0.6 7558.8 116.12 226.73 1241.36
168 183 5.27 1.25 6.59 97.5 39.13 3.48 0.61 7555.7 94.42 233.32 1247.95
169 182 2.11 1.25 2.63 93.8 39.2 3.75 0.7 7525 37.4 235.95 1250.58
170 181 1.83 1.25 2.29 95.68 39.22 3.69 0.68 7528.9 32.52 238.24 1252.87
171 180 2.05 1.25 2.56 94.55 39.23 3.67 0.67 7530.3 36.3 240.8 1255.43
172 179 2.8 1.25 3.5 94.04 39.25 3.58 0.67 7540.8 49.74 244.3 1258.93
173 178 3.41 1.25 4.26 93.61 39.25 3.54 0.66 7545.4 60.38 248.56 1263.19
174 177 3.62 1.25 4.52 94.12 39.26 3.52 0.66 7546.6 63.86 253.08 1267.71
175 176 4.05 1.25 5.06 94.47 39.27 3.49 0.66 7551.5 71.74 258.14 1272.77
176 175 4.01 1.25 5.01 92.63 39.28 3.43 0.65 7557.8 70.94 263.15 1277.78
177 174 3.52 1.25 4.4 95.81 39.29 3.34 0.64 7567.8 62.68 267.55 1282.18
178 173 2.85 1.25 3.56 94.82 39.36 3 0.61 7607.5 50.44 271.11 1285.74
179 172 3.65 1.25 4.57 84.21 39.45 2.44 0.56 7668.7 63.24 275.68 1290.31
180 171 3.87 1.25 4.83 99.93 39.51 2.13 0.53 7703.1 69.6 280.51 1295.14
181 170 2.94 1.25 3.67 100 39.52 2.07 0.53 7709.3 52.92 284.18 1298.81
182 169 1.85 1.25 2.31 100 39.5 2.15 0.53 7701.2 33.3 286.49 1301.12
183 168 0 0 0 0 0 0 0 0 0 286.49 1301.12
nested }it 3 to *
i 350 0 0 0 0 0 0 0 0 0 0 1301.12
66 349 0 0 0 0 0 0 0 0 0 0 1301.12
67 284 0.02 1.22 0.02 20 37.69 6.45 1.61 7120 0.2 0.02 1301.14
68 283 0.68 1.22 0.83 41.49 37.93 5.41 1.59 7224.7 9.94 0.85 1301.97
69 282 2.51 1.22 3.06 71.2 37.98 4.78 1.48 7283.1 41.6 3.91 1305.03
70 281 2.02 1.22 2.47 72.52 38.01 4.82 1.51 7280.2 33.2 6.38 1307.5
71 280 2.56 1.22 3.12 70.23 38.01 4.63 1.45 7296.8 41.98 9.5 1310.62
72 279 3.39 1.22 4.14 80.93 38.07 4.5 1.47 7310.4 57.74 13.64 1314.76
73 278 3.56 1.22 4.34 88.37 38.05 4.55 1.45 7305 61.78 17.98 1319.1
74 277 1.74 1.22 2.12 52.94 37.86 3.27 0.95 7411.5 26.36 20.1 1321.22
75 276 0.38 1.22 0.46 71.05 37.91 4.98 1.42 7259.3 6.2 20.56 1321.68
76 275 0.44 1.226 0.54 51.89 33.14 16.25 1.24 6303.6 6.84 21.1 1322.22
77 274 0.94 1.226 1.15 51.14 33.38 15.76 1.26 6342.8 14.14 22.25 1323.37
78 273 1.37 1.227 1.68 61.17 32.48 17.71 1.16 6181.5 15.48 23.93 1325.05
79 272 3.12 1.229 3.84 55.43 30.81 21.8 1.13 5837.8 49.54 27.77 1328.89
228
1 2 3 4 5 6 7 8 9 10 11 12 13
80 271 2.58 1.229 3.17 56.06 31.85 19.35 1.09 6050.4 40.88 30.94 1332.06
81 270 1.87 1.226 2.29 58.66 34.87 12.35 1.07 6655.5 29.92 33.23 1334.35
82 269 2.62 1.228 3.22 62.98 33.95 14.32 0.85 6502.5 42.58 36.45 1337.57
83 268 4.26 1.229 5.24 57.66 33.93 14.29 0.82 6505 67.42 41.69 1342.81
84 267 2.56 1.226 3.14 64.51 34.71 12.76 1.05 6622.4 41.2 44.83 1345.95
85 266 2.18 1.225 2.68 69.98 35.96 10.14 1.12 6849.4 35.98 47.51 1348.63
86 265 3.09 1.223 3.78 67.89 36.45 8.62 1.17 6963.3 50.68 51.29 1352.41
87 264 2.73 1.224 3.34 70.87 36.1 8.78 1.02 6950.3 45.34 54.63 1355.75
88 263 3.2 1.225 3.92 73.87 35.95 9.65 1.07 6886.9 54.02 58.55 1359.67
89 262 2.26 1.228 2.78 67.84 35.77 9.59 0.82 6907.4 37.16 61.33 1362.45
90 261 2.36 1.226 2.89 74.87 35.36 10.27 0.82 6840 39.58 64.22 1365.34
91 260 2.53 1.229 3.11 74.45 34.86 11.88 0.79 6715.8 42.2 67.33 1368.45
92 259 3.45 1.232 4.25 74.51 34.46 13.2 0.8 6612.6 58.14 71.58 1372.7
93 258 1.91 1.241 2.37 82.54 37.12 7.62 0.76 7130.6 32.7 73.95 1375.07
94 257 3.84 1.247 4.78 85.56 37.79 6.14 0.65 7291.8 66.58 78.73 1379.85
95 256 5.22 1.248 6.52 87.45 37.72 6.25 0.61 7290.3 90.6 85.25 1386.37
96 255 8 1.247 9.98 81.26 37.33 7.24 0.67 7201.2 135.64 95.23 1396.35
97 254 10.49 1.247 13.08 87.6 37.5 6.74 0.66 7250.1 182.32 108.31 1409.43
98 253 10.06 1.248 12.55 88.91 37.67 6.37 0.64 7294.7 175.1 120.86 1421.98
99 252 6.82 1.246 8.5 85.37 37.67 6.4 0.71 7290.3 117.76 129.36 1430.48
100 251 5.34 1.247 6.65 80.97 37.28 7.33 0.71 7212.5 90.68 136.01 1437.13
101 250 4.25 1.239 5.27 73.58 34.59 13.66 0.89 6617.3 70.42 141.28 1442.4
102 249 3.71 1.237 4.59 59.78 34 14.89 0.92 6475.2 59.14 145.87 1446.99
103 248 2.78 1.242 3.45 62.57 36.73 9.25 0.85 6997.6 44.82 149.32 1450.44
104 247 2.6 1.242 3.23 69.74 37.54 7.72 0.97 7130.7 43.3 152.55 1453.67
105 246 3.69 1.241 4.58 65.41 35.96 10.73 0.83 6834.2 60.88 157.13 1458.25
106 245 3.29 1.249 4.1 75.2 38.12 6.95 0.76 7184.9 55.18 161.23 1462.35
107 244 5.85 1.249 7.31 83.75 38.26 6.59 0.74 7217 100.8 168.54 1469.66
108 243 8.41 1.248 10.5 86.81 38.4 6.2 0.77 7259.3 146.54 179.04 1480.16
109 242 10.19 1.249 12.73 90.09 38.42 6.31 0.77 7255.2 179.62 191.77 1492.89
110 241 9.56 1.25 11.95 93.2 38.5 5.99 0.8 7298 168.7 203.72 1504.84
111 240 7.49 1.249 9.36 89.84 38.43 6.08 0.81 7300.6 131.24 213.08 1514.2
112 239 5.01 1.249 6.25 87.73 38.55 6.13 0.9 7349.2 79.3 219.33 1520.45
113 238 2.29 1.248 2.86 85.12 38.21 6.66 0.93 7270.7 39.32 222.19 1523.31
114 237 2.55 1.248 3.18 80.42 37.6 8.34 1.06 7118.3 43.64 225.37 1526.49
115 236 1.58 1.246 1.96 69.3 38.2 6.81 1.08 7246.1 23.4 227.33 1528.45
116 235 3.02 1.247 3.76 82.45 38.58 6.96 1.35 7267 52.14 231.09 1532.21
117 234 3.23 1.248 4.03 85.14 38.78 6.47 1.33 7323.2 52.7 235.12 1536.24
118 233 2.62 1.247 3.26 78.32 38.17 7.16 1.11 7243.1 43.04 238.38 1539.5
119 232 2.38 1.248 2.97 82.61 38.18 7.21 1.12 7235.9 40.78 241.35 1542.47
120 231 3.02 1.247 3.77 83.89 38.09 7.3 1.11 7223.7 52.22 245.12 1546.24
121 230 2.53 1.246 3.15 77.1 38.15 7.44 1.21 7211.9 42.5 248.27 1549.39
122 229 3.53 1.247 4.41 87.51 38.47 6.8 1.23 7276.6 61.5 252.68 1553.8
123 228 3.02 1.246 3.76 82.47 38.4 7.08 1.32 7248.8 51.68 256.44 1557.56
124 227 2.87 1.245 3.58 85.21 38.46 6.79 1.28 7275.8 49.6 260.02 1561.14
125 226 2.57 1.246 3.21 84.7 37.63 8.83 1.3 7097.4 44.44 263.23 1564.35
126 225 1.95 1.244 2.43 80.01 37.95 7.61 1.19 7185.1 33.4 265.66 1566.78
127 224 3.12 1.234 3.85 83.58 37.98 6.99 1.42 7176.1 54.06 269.51 1570.63
128 223 5.04 1.225 6.18 88.74 37.61 6.96 1.45 7116.4 87.68 275.69 1576.81
129 222 8.23 1.224 10.08 88.4 37.79 6.48 1.49 7147.4 144.18 285.77 1586.89
130 221 0 0 0 0 0 0 0 0 0 285.77 1586.89
131 220 7.63 1.225 9.35 92.62 37.71 6.65 1.42 7137.8 134.58 295.12 1596.24
132 219 4.8 1.229 5.9 89.34 37.6 6.97 1.31 7136.4 84.02 301.02 1602.14
133 218 3.21 1.234 3.97 89.29 37.37 7.76 1.14 7107 56.4 304.99 1606.11
134 217 3.34 1.238 4.13 78.08 35.51 12.05 1.04 6751.2 57.04 309.12 1610.24
135 216 2.74 1.241 3.4 77.97 36.69 9.44 0.89 7000.1 46.18 312.52 1613.64
136 215 4.43 1.237 5.47 77.16 36.53 9.54 0.83 6987.9 75.36 317.99 1619.11
137 214 5.69 1.235 7.02 66.92 33.48 16.34 1.01 6364.2 92.9 325.01 1626.13
138 213 3.21 1.239 3.97 78.66 35.89 11.23 0.96 6841.8 55.08 328.98 1630.1
139 212 2.01 1.239 2.49 78.95 36.55 9.65 0.86 6985.4 34.24 331.47 1632.59
140 211 1.73 1.237 2.14 80.53 35.6 11.35 0.81 6817.3 29.56 333.61 1634.73
141 210 0.95 1.239 1.18 79.84 36 10.63 0.76 6888.9 16.14 334.79 1635.91
142 209 1.29 1.243 1.61 79.74 37.11 8.6 0.8 7089.1 22.16 336.4 1637.52
143 208 0.91 1.24 1.12 78.91 37.04 8.67 0.87 7074.6 15.26 337.52 1638.64
229
1 2 3 4 5 6 7 8 9 10 11 12 13
144 207 1.65 1.237 2.05 75.84 36.15 10.24 0.84 6916 27.84 339.57 1640.69
145 206 1.75 1.235 2.16 80.17 36.18 10.21 0.88 6910.7 29.94 341.73 1642.85
146 205 1.74 1.235 2.15 76.45 36.22 9.76 0.73 6959.7 29.74 343.88 1645
147 204 1.6 1.238 1.98 67.86 36.27 10.18 0.75 6941 26.26 345.86 1646.98
148 203 2.8 1.236 3.45 72.15 35.93 10.63 0.68 6893.2 47.06 349.31 1650.43
149 202 1.63 1.231 2.01 73.3 34.91 12.65 0.67 6701 27.4 351.32 1652.44
150 201 1.87 1.233 2.31 70 34.8 13.05 0.74 6664.3 30.46 353.63 1654.75
151 200 2.05 1.235 2.53 80.94 35.66 11.03 0.66 6853.7 35.32 356.16 1657.28
152 199 1.6 1.235 1.98 57.52 33.98 14.92 0.86 6497.1 25.84 358.14 1659.26
153 198 1.41 1.24 1.74 79.64 37.26 7.59 0.62 7182.4 24.12 359.88 1661
154 197 1.17 1.25 1.47 81.21 38.65 4.34 0.63 7495.2 20.08 361.35 1662.47
155 196 1.57 1.25 1.96 90.45 38.69 4.24 0.63 7505.4 27.54 363.31 1664.43
156 195 2.26 1.25 2.83 88.46 38.68 4.28 0.63 7500.4 39.38 366.14 1667.26
157 194 2.61 1.25 3.26 93.6 38.65 4.31 0.63 7498 46.32 369.4 1670.52
158 193 2.76 1.25 3.44 90.25 38.67 4.3 0.63 7497.1 48.4 372.84 1673.96
159 192 3.04 1.25 3.8 92.37 38.64 4.32 0.63 7495.9 53.56 376.64 1677.76
160 191 3.49 1.25 4.36 93.38 38.66 4.33 0.63 7492.3 61.92 381 1682.12
161 190 3.27 1.25 4.09 95.17 38.62 4.33 0.62 7494.6 58.36 385.09 1686.21
162 189 3.99 1.25 4.98 94.11 38.6 4.29 0.62 7498.7 70.56 390.07 1691.19
163 188 4.85 1.25 6.06 90.12 38.61 4.28 0.63 7497.1 85.4 396.13 1697.25
164 187 5.09 1.25 6.36 95.11 38.68 4.28 0.64 7492.3 90.24 402.49 1703.61
165 186 3.96 1.25 4.95 94.98 38.73 4.25 0.64 7492.5 70.48 407.44 1708.56
166 185 3.49 1.25 4.36 93.79 38.78 4.18 0.04 7495.3 62.04 411.8 1712.92
167 184 4.81 1.25 6.01 91.72 38.85 4.06 0.64 7505.2 85 417.81 1718.93
168 183 5.62 1.25 7.02 92.76 38.86 3.98 0.64 7512.7 99.12 424.83 1725.95
169 182 4.64 1.25 5.8 94.81 38.92 3.98 0.65 7508.4 82.28 430.63 1731.75
170 181 3.83 1.25 4.79 94.73 38.96 4.05 0.67 7495.5 67.98 435.42 1736.54
171 180 3.03 1.25 3.78 93.7 39.05 4.05 0.69 7489.2 53.56 439.2 1740.32
172 179 2.65 1.25 3.31 95.81 39.12 4.05 0.7 7483.3 47.16 442.51 1743.63
173 178 2.95 1.25 3.69 92.68 39.12 4.06 0.7 7482.4 52.06 446.2 1747.32
174 177 2.8 1.25 3.5 94 39.1 4.05 0.7 7483 49.7 449.7 1750.82
175 176 3.24 1.25 4.05 94.41 39.14 3.96 0.69 7493.2 57.36 453.75 1754.87
176 175 3.34 1.25 4.18 91.96 39.2 3.75 0.68 7518.8 59.04 457.93 1759.05
177 174 2.98 1.25 3.72 93.88 39.26 3.51 0.66 7547.5 52.92 461.65 1762.77
178 173 2.62 1.25 3.27 95.74 39.3 3.36 0.65 7566.4 46.68 464.92 1766.04
179 172 2.36 1.25 2.95 90.59 39.37 2.99 0.61 7609 41.36 467.87 1768.99
180 171 3.69 1.25 4.62 94.48 39.45 2.56 0.58 7659.2 65.56 472.49 1773.61
181 170 4.21 1.25 5.27 97.51 39.48 2.44 0.57 7673.5 75.48 477.76 1778.88
182 169 2.9 1.25 3.63 99.78 39.48 2.47 0.57 7670.2 52.24 481.39 1782.51
183 168 0.6 1.25 0.75 100 39.47 2.64 0.58 7654.4 10.8 482.14 1783.26
184 167 0 0 0 0 0 0 0 0 0 482.14 1783.26
nested pit 4 to 5
i 350 0 0 0 0 0 0 0 0 0 0 1783.26
69 282 0 0 0 0 0 0 0 0 0 0 1783.26
70 281 0.07 1.22 0.09 70 38.01 5.37 1.61 7228 1.12 0.09 1783.35
71 280 0.32 1.22 0.39 98.67 38.01 5.37 1.61 7227.7 5.66 0.48 1783.74
72 279 1.21 1.22 1.48 88.43 38.14 4.83 1.61 7283.3 20.94 1.96 1785.22
73 278 1.53 1.22 1.87 100 38.16 4.73 1.61 7294.2 27.54 3.83 1787.09
74 277 0.22 1.22 0.26 79.91 38.11 4.21 1.44 7340 3.74 4.09 1787.35
75 276 0.1 1.22 0.12 100 38.04 5.2 1.61 7246 1.8 4.21 1787.47
76 275 0.08 1.22 0.1 88.57 38.02 5.42 1.61 7223.4 1.48 4.31 1787.57
77 274 0.27 1.22 0.33 94.99 37.64 6.24 1.59 7151.1 4.78 4.64 1787.9
78 273 0.35 1.226 0.43 65.02 33 16.76 1.3 6262 5.72 5.07 1788.33
79 272 0.44 1.23 0.54 52.89 30.18 23.27 1.13 5710.4 6.84 5.61 1788.87
80 271 0.01 1.23 0.02 70 30.17 23.27 1.13 5710 0.24 5.63 1788.89
81 270 0.5 1.224 0.61 70.35 35.75 10.16 1.24 6827.2 8.32 6.24 1789.5
82 269 0.14 1.228 0.17 46.5 33.7 13.84 0.72 6526.9 2.04 6.41 1789.67
83 268 0.23 1.224 0.28 66.47 35.81 10.52 1.22 6799.5 3.84 6.69 1789.95
84 267 0.05 1.25 0.06 80 37.61 6.83 0.76 7271 0.84 6.75 1790.01
85 266 0.36 1.221 0.43 65.02 37.85 5.29 1.41 7234.1 5.72 7.18 1790.44
86 265 0.94 1.22 1.14 77.42 37.92 4.92 1.34 7261.5 16.08 8.32 1791.58
87 264 0.74 1.22 0.91 86.22 37.73 4.83 1.17 7272.2 12.96 9.23 1792.49
88 263 0.36 1.225 0.44 66.87 35.03 10.88 0.95 6767.8 5.88 9.67 1792.93
230
1 2 3 4 5 6 7 8 9 10 11 12 13
89 262 0.16 1.222 0.2 74.93 36.59 8.81 1.38 6932.9 2.6 9.87 1793.13
90 261 0.46 1.222 0.56 86.55 36.42 9.11 1.42 6896.6 8 10.43 1793.69
91 260 0.55 1.225 0.67 81.99 34.9 11.91 1.08 6673.9 9.2 11.1 1794.36
92 259 0.79 1.228 0.97 67.45 33.27 15.85 0.92 6362.1 12.94 12.07 1795.33
93 258 0.23 1.226 0.28 49.12 35.57 11.01 1.07 6775.3 3.64 12.35 1795.61
94 257 0.31 1.228 0.38 73.8 34.68 12.79 1.16 6620.2 5.32 12.73 1795.99
95 256 0.42 1.23 0.51 50.74 33.32 16.54 1.16 6325.8 6.42 13.24 1796.5
96 255 0.68 1.228 0.84 69.28 35.66 10.73 1.1 6808.2 11.2 14.08 1797.34
97 254 0.55 1.229 0.67 63.36 34.83 12.45 0.97 6665.5 8.6 14.75 1798.01
98 253 0.63 1.231 0.77 63.51 36.64 8.67 1.05 7006.9 9.96 15.52 1798.78
99 252 0.79 1.239 0.98 70.12 37.34 6.98 0.86 7198.9 12.68 16.5 1799.76
100 251 1.14 1.241 1.42 73.35 37.13 7.62 0.86 7152.1 19 17.92 1801.18
101 250 1.33 1.246 1.66 84.48 37.34 6.93 0.68 7241 22.9 19.58 1802.84
102 249 0.88 1.242 1.09 74.28 37.13 7.56 0.76 7162.3 14.46 20.67 1803.93
103 248 0.68 1.238 0.84 68.94 36.61 8.92 0.95 7004 11.28 21.51 1804.77
104 247 1.48 1.237 1.83 83.27 36.37 9.49 1 6949.3 25.62 23.34 1806.6
105 246 1.08 1.234 1.33 78.17 37.31 6.83 0.96 7182.5 18.28 24.67 1807.93
106 245 1.37 1.238 1.7 74.38 36.82 8.23 0.9 7083.6 23.26 26.37 1809.63
107 244 0.59 1.237 0.73 76.2 36.19 10.09 0.99 6915.4 9.9 27.1 1810.36
108 243 1.16 1.241 1.45 75.73 37.76 6.79 0.87 7188 19.72 28.55 1811.81
109 242 1.83 1.238 2.27 86.5 37.69 6.68 0.91 7178.6 31.94 30.82 1814.08
110 241 2.2 1.24 2.73 83.66 37.02 8.62 0.98 7020 37.86 33.55 1816.81
111 240 1.65 1.242 2.05 77.55 36.9 8.3 0.75 7069.1 27.96 35.6 1818.86
112 239 1.31 1.243 1.63 78.31 37.01 8.75 0.87 7039.5 22 37.23 1820.49
113 238 2.5 1.241 3.1 80.68 37.15 8.67 1.01 7068.3 42.98 40.33 1823.59
114 237 1.42 1.234 1.75 89.72 37.02 8.64 1.22 7001.3 24.8 42.08 1825.34
115 236 1.11 1.236 1.37 71.43 37.2 8.21 1.19 7065.9 18.1 43.45 1826.71
116 235 1.93 1.242 2.4 72.67 37.72 8.16 1.27 7115.5 32.12 45.85 1829.11
117 234 2.14 1.241 2.65 80.27 38.17 7.45 1.39 7180.9 36.14 48.5 1831.76
118 233 2.28 1.237 2.82 91.14 37.66 7.42 1.19 7138.6 40.32 51.32 1834.58
119 232 1.47 1.235 1.81 84.66 37.93 5.94 1.06 7258.5 25.16 53.13 1836.39
120 231 1.46 1.238 1.81 72.33 37.05 8.33 1.04 7053.9 24.34 54.94 1838.2
121 230 2.13 1.238 2.63 81.31 37.51 7.89 1.16 7105.8 36.3 57.57 1840.83
122 229 2.13 1.233 2.63 88.81 37.08 8.53 1.21 7008.6 37.42 60.2 1843.46
123 228 1.48 1.235 1.83 85.11 37.38 7.89 1.15 7088.6 25.54 62.03 1845.29
124 227 2.52 1.237 3.12 77.52 37.51 7.77 1.21 7114.1 42.76 65.15 1848.41
125 226 2.79 1.238 3.46 83.06 37.38 7.79 1.11 7107.7 47.94 68.61 1851.87
126 225 2.92 1.235 3.61 81.12 36.61 9.57 1.2 6934.3 49.6 72.22 1855.48
127 224 4.36 1.23 5.36 86.29 37.96 6.71 1.41 7160.3 75.34 77.58 1860.84
128 223 8.38 1.227 10.28 88.36 37.67 7.17 1.44 7107.1 146.58 87.86 1871.12
129 222 10.86 1.223 13.29 90.01 37.88 6.51 1.52 7142.2 191.04 101.15 1884.41
130 221 0 0 0 0 0 0 0 0 0 101.15 1884.41
131 220 11.31 1.225 13.85 93.29 37.92 6.48 1.5 7153.4 199.86 115 1898.26
132 219 9.87 1.225 12.1 92.91 37.82 6.59 1.45 7144.5 174.52 127.1 1910.36
133 218 7.35 1.229 9.03 94.17 37.85 6.62 1.35 7160.8 130.52 136.13 1919.39
134 217 5.7 1.232 7.01 83.9 36.94 8.62 1.23 7003.4 97.78 143.14 1926.4
135 216 3.62 1.232 4.46 78.9 36.35 9.95 1.21 6888.5 61.56 147.6 1930.86
136 215 4.54 1.234 5.6 81.67 36.2 10.37 1.17 6866.6 77.5 153.2 1936.46
137 214 4.28 1.235 5.29 74.56 35.27 12.13 1.05 6717 71.78 158.49 1941.75
138 213 3.74 1.232 4.61 80.92 36.13 10.11 1.15 6872.6 63.66 163.1 1946.36
139 212 3.35 1.232 4.12 85.29 36.65 8.98 1.13 6972.9 58.04 167.22 1950.48
140 211 2.64 1.234 3.25 80.91 36.55 8.69 0.85 7004 45.34 170.47 1953.73
141 210 1.89 1.239 2.34 77.95 36.08 10.35 0.76 6901.9 31.9 172.81 1956.07
142 209 1.24 1.241 1.54 76.29 36.09 10.48 0.79 6896.9 20.98 174.35 1957.61
143 208 1.39 1.243 1.72 77.43 36.79 8.78 0.72 7058.2 23.78 176.07 1959.33
144 207 1.4 1.245 1.75 87.82 37.35 7.74 0.75 7157.2 24.62 177.82 1961.08
145 206 1.56 1.246 1.94 86.2 37.76 6.92 0.74 7233.8 27.18 179.76 1963.02
146 205 1.65 1.244 2.05 83.79 37.2 8.16 0.75 7100.4 28.68 181.81 1965.07
147 204 1.19 1.244 1.48 83.04 37.48 7.51 0.71 7150.1 20.5 183.29 1966.55
148 203 1.33 1.244 1.65 79.9 37.22 8.12 0.75 7117.3 22.72 184.94 1968.2
149 202 1.96 1.24 2.43 79 36.71 8.88 0.69 7047.5 33.42 187.37 1970.63
150 201 2.78 1.237 3.44 84.8 35.87 10.56 0.68 6887 48.28 190.81 1974.07
151 200 4.63 1.235 5.72 74.38 35.45 11.42 0.67 6809.2 78.28 196.53 1979.79
152 199 6.64 1.233 8.19 84.09 35.28 11.77 0.65 6775.7 115.56 204.72 1987.98
231
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153 198 4.98 1.234 6.14 86.81 35.43 11.48 0.65 6795.1 87.32 210.86 1994.12
154 197 3.47 1.237 4.29 80.74 35.98 10.33 0.66 6903.3 59.84 215.15 1998.41
155 196 1.84 1.242 2.28 93.9 37.1 8.11 0.7 7110 32.54 217.43 2000.69
156 195 0.74 1.25 0.93 82.97 38.54 4.99 0.69 7407.4 12.72 218.36 2001.62
157 194 1.05 1.25 1.31 87.52 38.71 4.84 0.72 7409.1 18.44 219.67 2002.93
158 193 1.21 1.25 1.51 86.29 38.64 5.01 0.72 7385.4 20.92 221.18 2004.44
159 192 1.55 1.25 1.94 95.69 38.51 5.11 0.69 7379.9 27.6 223.12 2006.38
160 191 1.72 1.25 2.15 90.17 38.53 4.97 0.68 7406 30.22 225.27 2008.53
161 190 1.23 1.25 1.54 88.2 38.61 4.85 0.69 7422.3 21.42 226.81 2010.07
162 189 1.53 1.25 1.91 90 38.52 4.89 0.67 7416.2 26.88 228.72 2011.98
163 188 1.97 1.25 2.46 91.3 38.48 4.85 0.66 7427.3 34.66 231.18 2014.44
164 187 2.95 1.25 3.69 85.93 38.46 4.68 0.64 7448.7 51 234.87 2018.13
165 186 4.86 1.25 6.07 92.43 38.46 4.61 0.63 7457.9 85.64 240.94 2024.2
166 185 6.37 1.25 7.96 88.93 38.42 4.61 0.62 7460.7 111.28 248.9 2032.16
167 184 8.66 1.25 10.82 88.28 38.37 4.76 0.62 7440.4 151.46 259.72 2042.98
168 183 11.54 1.25 14.43 91.66 38.37 4.83 0.62 7429.8 203.44 274.15 2057.41
169 182 11.26 1.25 14.08 94.17 38.38 4.84 0.63 7428.7 199.76 288.23 2071.49
170 181 8.33 1.25 10.41 93.62 38.38 4.85 0.63 7428.6 147.42 298.64 2081.9
171 180 5.22 1.25 6.53 98.84 38.4 4.9 0.64 7419.5 93.76 305.17 2088.43
172 179 2.11 1.25 2.63 96.13 38.49 4.9 0.66 7413.3 37.58 307.8 2091.06
173 178 0.73 1.25 0.91 83.83 38.88 4.94 0.77 7369.8 12.6 308.71 2091.97
174 177 1.09 1.25 1.36 91.62 38.88 4.92 0.76 7370.4 19.24 310.07 2093.33
175 176 0.97 1.25 1.22 93.91 38.86 4.93 0.75 7366.6 17.2 311.29 2094.55
176 175 2.22 1.25 2.78 90.81 38.97 4.57 0.73 7413.9 39.2 314.07 2097.33
177 174 3.58 1.25 4.48 94.1 39.06 4.26 0.71 7454.6 63.38 318.55 2101.81
178 173 5.64 1.25 7.05 93.01 39.05 4.29 0.71 7449.7 100.14 325.6 2108.86
179 172 4.71 1.25 5.89 94.42 39.05 4.27 0.71 7451.4 83.68 331.49 2114.75
180 171 5.46 1.25 6.82 93.39 39.02 4.38 0.72 7438 96.74 338.31 2121.57
181 170 4.84 1.25 6.05 92.76 39 4.43 0.72 7430.4 85.64 344.36 2127.62
182 169 5.87 1.25 7.34 95.67 38.97 4.53 0.72 7416.9 104.5 351.7 2134.96
183 168 6.02 1.25 7.52 90.12 38.92 4.69 0.73 7395.3 105.5 359.22 2142.48
184 167 7.66 1.25 9.58 91.64 38.85 4.92 0.74 7364.8 135.08 368.8 2152.06
185 166 9.49 1.25 11.86 94.71 38.8 5.08 0.74 7344.2 168.58 380.66 2163.92
186 165 9.99 1.25 12.49 95.87 38.76 5.19 0.74 7329.1 178 393.15 2176.41
187 164 8.06 1.25 10.07 100 38.73 5.28 0.74 7316.9 145.08 403.22 2186.48
188 163 4.45 1.25 5.56 100 38.71 5.35 0.74 7308 80.1 408.78 2192.04
189 162 1.61 1.25 2.01 100 38.71 5.34 0.75 7308.3 28.98 410.79 2194.05
190 161 0 0 0 0 0 0 0 0 0 410.79 2194.05
nested pit 5 to 6
i 350 0 0 0 0 0 0 0 0 0 0 2194.05
68 349 0 0 0 0 0 0 0 0 0 0 2194.05
69 282 0.03 1.22 0.04 30 38.05 5.16 1.61 7250 0.4 0.04 2194.09
70 281 0.26 1.22 0.32 84.23 38.08 4.91 1.62 7275.7 4.54 0.36 2194.41
71 280 0.64 1.22 0.78 94.84 38.03 5.03 1.55 7260.8 11.38 1.14 2195.19
72 279 4.61 1.22 5.63 84.46 38.07 5.11 1.6 7254.5 79.76 6.77 2200.82
73 278 6.11 1.22 7.45 99.23 38.07 5.12 1.61 7253.2 109.68 14.22 2208.27
74 277 0.94 1.22 1.15 96.6 38.01 5.3 1.59 7234.4 16.6 15.37 2209.42
75 276 0.19 1.224 0.23 74.62 34.64 13.07 1.41 6574.7 3.18 15.6 2209.65
76 275 0.3 1.227 0.37 70.19 33.12 16.42 1.22 6292.4 4.96 15.97 2210.02
77 274 0.16 1.226 0.2 53.73 33.04 15.89 1.08 6339.4 2.56 16.17 2210.22
78 273 0.71 1.228 0.87 44.9 31.62 19.93 1.17 5996.5 10.46 17.04 2211.09
79 272 1.27 1.229 1.56 53.68 31.28 20.67 1.1 5937.5 19.82 18.6 2212.65
80 271 0.53 1.224 0.64 82.85 35.29 11.45 1.3 6720.6 9.16 19.24 2213.29
81 270 0.9 1.224 1.11 76.73 35.88 10 1.28 6841.3 15.1 20.35 2214.4
82 269 0.63 1.23 0.78 40.34 32.94 16.25 0.76 6329.9 9.2 21.13 2215.18
83 268 0.62 1.229 0.76 46.69 33.6 14.86 0.85 6447.8 9.3 21.89 2215.94
84 267 0.42 1.234 0.52 83.63 36.51 8.9 1.02 7004.9 7.36 22.41 2216.46
85 266 0.5 1.226 0.61 45.87 34.44 13.05 1 6593.3 7.52 23.02 2217.07
86 265 0.68 1.223 0.83 62.61 36.69 7.29 1.02 7076.2 10.96 23.85 2217.9
87 264 1.12 1.223 1.36 88.84 36.6 8.21 1.23 6991.6 19.66 25.21 2219.26
88 263 0.49 1.23 0.6 59.79 33.72 14.29 0.73 6506.6 7.76 25.81 2219.86
89 262 0.63 1.226 0.77 65.34 34.84 12.32 1.1 6652.6 10.06 26.58 2220.63
90 261 0.7 1.227 0.87 63.87 34.18 13.69 0.99 6535.6 11.52 27.45 2221.5
232
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91 260 2.08 1.226 2.55 77.3 34.74 12.49 1.05 6636.6 35.16 3C 2224.05
92 259 2.56 1.229 3.15 76.01 33.32 15.48 0.82 6392.8 43.2 33.15 2227.2
93 258 2.29 1.23 2.82 98.69 32.83 16.51 0.72 6311.5 41.1 35.97 2230.02
94 257 0.54 1.242 0.67 67.43 37.18 7.54 0.88 7166.9 8.82 36.64 2230.69
95 256 1.44 1.244 1.79 75.49 36.72 8.47 0.79 7105.8 24.32 38.43 2232.48
96 255 1.76 1.241 2.18 69.48 35.32 12.49 0.94 6753.7 28.92 40.61 2234.66
97 254 0.99 1.238 1.22 68.33 36.69 8.23 0.89 7084 15.66 41.83 2235.88
98 253 1.43 1.249 1.79 80.12 37.56 6.59 0.69 7289.6 24.2 43.62 2237.67
99 252 2.49 1.249 3.11 78.76 37.57 6.85 0.76 7263.4 42.46 46.73 2240.78
100 251 3.6 1.248 4.49 74.47 37.15 7.64 0.74 7191.3 59.32 51.22 2245.27
101 250 5.77 1.245 7.18 82.1 36.1 10.1 0.8 6965 99.02 58.4 2252.45
102 249 1.27 1.241 1.58 58.28 35.42 11.47 0.79 6795.6 20.24 59.98 2254.03
103 248 0.92 1.245 1.14 56.65 37.01 8.96 0.93 7028.1 14.5 61.12 2255.17
104 247 2.11 1.248 2.63 66.55 38.41 6.34 0.98 7267.4 35.28 63.75 2257.8
105 246 0.97 1.232 1.19 75.39 34.92 12.04 1.01 6696.6 16.42 64.94 2258.99
106 245 1 1.245 1.24 68.61 37.88 6.68 0.91 7244.8 16.64 66.18 2260.23
107 244 1.35 1.246 1.68 87.12 37.36 7.94 0.75 7108.1 23.28 67.86 2261.91
108 243 2.34 1.247 2.92 86.88 38.58 5.5 0.83 7345.7 41.02 70.78 2264.83
109 242 1.43 1.249 1.79 85.73 37.93 6.89 0.76 7206.8 24.86 72.57 2266.62
110 241 2.35 1.247 2.94 81.19 36.87 9.39 0.93 7005.2 40.06 75.51 2269.56
111 240 2.24 1.248 2.8 76.19 38.5 6.21 0.94 7356.4 38.24 78.31 2272.36
112 239 1.65 1.25 2.06 76.77 39.01 5.24 1.02 7445.2 28.04 80.37 2274.42
113 238 1.48 1.246 1.84 65.4 38.31 6.51 1.1 7297.6 24.04 82.21 2276.26
114 237 1.35 1.241 1.68 66.22 36.67 9.9 1.27 6933.5 21.64 83.89 2277.94
115 236 1.2 1.24 1.49 69.59 38.31 7.53 1.66 7196.1 19.52 85.38 2279.43
116 235 2.55 1.249 3.18 81.28 39.39 6.71 1.82 7357 43.78 88.56 2282.61
117 234 0.99 1.246 1.24 76.66 37.2 9.92 1.28 7042.8 16.98 89.8 2283.85
118 233 0.65 1.249 0.81 79.35 38.26 7.8 1.34 7249.1 11.2 90.61 2284.66
119 232 0.6 1.247 0.75 79.4 37.41 9.29 1.31 7088 10.28 91.36 2285.41
120 231 0.93 1.25 1.17 56.34 39.32 6.99 1.92 7322.8 14.78 92.53 2286.58
121 230 0.46 1.241 0.57 65.88 36.79 10.68 1.51 6917.6 7.38 93.1 2287.15
122 229 0.48 1.234 0.59 67.81 35.75 11.49 1.12 6785 7.96 93.69 2287.74
123 228 0.69 1.237 0.86 70.23 36.06 10.96 1.12 6807.9 11.44 94.55 2288.6
124 227 1 1.228 1.23 81.07 36.95 8.53 1.35 6991.5 17.38 95.78 2289.83
125 226 0.79 1.239 0.97 79 37.22 8.53 1.2 7054.9 13.46 96.75 2290.8
126 225 0.47 1.231 0.58 84.51 35.87 10.22 1.1 6827 8.04 97.33 2291.38
127 224 0.77 1.246 0.96 76.98 38.29 6.37 1.03 7303.3 13 98.29 2292.34
128 223 0.64 1.244 0.8 82.36 37.87 6.63 0.93 7246.3 11.1 99.09 2293.14
129 222 0.65 1.249 0.81 84.31 38.66 6.26 1.18 7332.2 10.18 99.9 2293.95
130 221 0 0 0 0 0 0 0 0 0 99.9 2293.95
131 220 0.53 1.25 0.66 76.07 38.05 6.8 0.91 7276.2 9.04 100.56 2294.61
132 219 0.63 1.247 0.79 74.38 38.19 6.86 1.04 7239.2 4.5 101.35 2295.4
133 218 0.9 1.233 1.11 78.91 37.7 7.28 1.34 7145.4 13.18 102.46 2296.51
134 217 0.98 1.234 1.21 81.04 37.07 8.43 1.23 7033.1 16.7 103.67 2297.72
135 216 1.01 1.23 1.25 84.91 36.91 7.98 0.93 7060.4 17.56 104.92 2298.97
136 215 0.55 1.235 0.68 81.38 36.01 10.89 1.16 6813.1 9.56 105.6 2299.65
137 214 1.28 1.235 1.58 83.38 36.68 9.6 1.07 6955.4 20.6 107.18 2301.23
138 213 1.01 1.228 1.25 78.57 36.65 9.23 1.31 6926.7 14.1 108.43 2302.48
139 212 1.17 1.226 1.44 80.04 36.49 9.24 1.16 6938.4 12.92 109.87 2303.92
140 211 1.4 1.227 1.72 78.22 35.54 11.12 1.12 6766.5 20.86 111.59 2305.64
141 210 2.51 1.224 3.08 73.07 36.25 9.35 1.21 6906.4 42.38 114.67 2308.72
142 209 3.54 1.226 4.34 87.41 36.28 9.37 1.19 6912.3 61.88 119.01 2313.06
143 208 2.79 1.226 3.42 83.27 36.8 7.23 0.95 7090.7 48.42 122.43 2316.48
144 207 1.26 1.226 1.55 82.71 36.33 9.19 1.16 6929.6 21.56 123.98 2318.03
145 206 3.07 1.226 3.76 83.05 36.17 9.57 1.29 6884 53.16 127.74 2321.79
146 205 2.66 1.224 3.26 88.45 36.54 8.58 1.26 6967.2 46.4 131 2325.05
147 204 2.23 1.223 2.73 91.46 37.44 5.09 0.93 7258.9 39.22 133.73 2327.78
148 203 2.11 1.227 2.59 63.39 35.98 9.94 1.2 6857.5 33.54 136.32 2330.37
149 202 2.74 1.226 3.36 88.84 37.48 6.62 1.27 7141.7 48.04 139.68 2333.73
150 201 3.38 1.228 4.15 81.36 37.08 6.56 0.87 7165.4 57.64 143.83 2337.88
151 200 3.57 1.232 4.39 81.46 33.6 15.55 1.03 6406.7 61.24 148.22 2342.27
152 199 7.09 1.229 8.72 87.48 32.73 17.56 1.17 6212.8 124.34 156.94 2350.99
153 198 2.22 1.228 2.73 76.13 37.33 5.99 0.86 7216.1 37.92 159.67 2353.72
154 197 2.84 1.227 3.48 89.84 36.83 7.03 0.79 7125 49.92 163.15 2357.2
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155 196 2.11 1.235 2.6 73.08 36.59 9.04 0.87 6990.4 35.64 165.75 2359.8
156 195 1.84 1.236 2.28 74.98 36.74 8.34 0.71 7063.1 31.18 168.03 2362.08
157 194 1.41 1.231 1.73 84.4 36.63 7.83 0.73 7085.2 24.22 169.76 2363.81
158 193 1.34 1.238 1.65 72.11 36.05 10.03 0.65 6945.4 22.12 171.41 2365.46
159 192 0.91 1.241 1.12 80.58 36.12 9.93 0.71 6952.6 15.38 172.53 2366.58
160 191 1.75 1.238 2.16 73.8 36.19 9.81 0.65 6953.5 29.54 174.69 2368.74
161 190 1.39 1.245 1.72 84.86 37.4 7.21 0.65 7197.4 23.92 176.41 2370.46
162 189 1.09 1.246 1.36 89.11 37.62 6.69 0.65 7251.7 19.02 177.77 2371.82
163 188 1.66 1.241 2.06 81.16 36.8 8.35 0.63 7105.2 28.52 179.83 2373.88
164 187 1.04 1.248 1.3 87.27 38.01 5.55 0.62 7376.4 18.02 181.13 2375.18
165 186 2.17 1.245 2.7 90.75 37.46 6.86 0.63 7240.2 38.28 183.83 2377.88
166 185 2.42 1.248 3.02 78.98 38.15 5.22 0.63 7398.4 40.96 186.85 2380.9
167 184 3.58 1.25 4.48 90.25 38.39 4.65 0.62 7452.6 62.74 191.33 2385.38
168 183 4.43 1.25 5.54 89.36 38.31 4.85 0.62 7427.6 77.06 196.87 2390.92
169 182 5.67 1.25 7.08 92.62 38.3 4.81 0.61 7431.7 99.92 203.95 2398
170 181 5.8 1.25 7.25 89.97 38.39 4.53 0.61 7465.7 101.56 211.2 2405.25
171 180 5.97 1.25 7.46 89.33 38.4 4.48 0.61 7469.7 104.24 218.66 2412.71
172 179 5.86 1.25 7.32 89.47 38.41 4.42 0.61 7477.7 102.76 225.98 2420.03
173 178 5.17 1.25 6.46 87.88 38.39 4.3 0.6 7495.2 90 232.44 2426.49
174 177 4.65 1.25 5.81 92.2 38.34 4.24 0.6 7501.4 82.34 ■ 238.25 2432.3
175 176 2.37 1.25 2.96 93.88 38.46 4.51 0.62 7460.8 41.8 241.21 2435.26
176 175 2.16 1.25 2.7 92.33 38.58 4.37 0.62 7472 38.18 243.91 2437.96
177 174 1.55 1.25 1.94 93.61 38.67 4.18 0.62 7496.9 27.62 245.85 2439.9
178 173 2.5 1.25 3.13 89.14 38.97 3.91 0.65 7511.8 43.5 248.98 2443.03
179 172 4.36 1.25 5.45 93.85 39.22 3.65 0.66 7530 77.16 254.43 2448.48
180 171 6.04 1.25 7.55 92.79 39.23 3.66 0.66 7527.9 106.88 261.98 2456.03
181 170 7.29 1.25 9.11 92.11 39.24 3.64 0.66 7530.4 128.52 271.09 2465.14
182 169 8.77 1.25 10.97 92.45 39.25 3.59 0.66 7535.7 154.84 282.06 2476.11
183 168 13.02 1.25 16.27 90.19 39.15 3.9 0.67 7494.2 228.26 298.33 2492.38
184 167 16.5 1.25 20.62 96.4 39 4.32 0.7 7439 294.32 318.95 2513
185 166 15.03 1.25 18.79 98.83 38.94 4.54 0.68 7409.7 269.94 337.74 2531.79
186 165 10.26 1.25 12.82 100 38.85 4.83 0.69 7371.4 184.68 350.56 2544.61
187 164 2.02 1.25 2.53 100 38.85 4.81 0.69 7372.8 36.36 353.09 2547.14
188 163 0.16 1.25 0.2 100 38.7 5.32 0.73 7306 2.88 353.29 2547.34
189 162 0 0 0 0 0 0 0 0 0 353.29 2547.34
nested pit 6  to 7
i 350 0 0 0 0 0 0 0 0 0 0 2547.34
68 349 0 0 0 0 0 0 0 0 0 0 2547.34
69 282 0.39 1.22 0.48 51.54 38.06 5.15 1.61 7250.5 6 0.48 2547.82
70 281 1.15 1.22 1.41 91.11 38.06 5.16 1.61 7249.9 20.36 1.89 2549.23
71 280 1.28 1.22 1.56 95 38.06 5.16 1.61 7249.8 22.68 3.45 2550.79
72 279 2.08 1.22 2.54 76.35 38.07 5.13 1.61 7252.4 34.8 5.99 2553.33
73 278 3.4 1.22 4.15 100 38.11 4.97 1.61 7268.7 61.2 10.14 2557.48
74 277 1.46 1.22 1.78 100 38.17 4.69 1.61 7297.6 26.28 11.92 2559.26
75 276 0.03 1.22 0.04 100 38.03 5.29 1.61 7237 0.54 11.96 2559.3
76 275 1.42 1.23 1.75 48.86 30.22 23.24 1.14 5716.2 21.54 13.71 2561.05
77 274 0.62 1.23 0.76 54.84 30.22 23.23 1.14 5716.2 9.8 14.47 2561.81
78 273 0.04 1.23 0.05 20 30.25 23.21 1.14 5719 0.4 14.52 2561.86
79 272 2 1.23 2.46 52.42 31.52 19.89 0.93 6012.7 31.24 16.98 2564.32
80 271 0.6 1.225 0.74 66.49 35.66 10.41 1.2 6815.2 9.56 17.72 2565.06
81 270 0.84 1.225 1.03 69.04 35.34 11.25 1.21 6742 13.92 18.75 2566.09
82 269 0.55 1.229 0.67 47.06 33.32 15.52 0.8 6392.4 8.36 19.42 2566.76
83 268 0.95 1.228 1.16 52.9 33.64 14.73 0.82 6457.4 14.72 20.58 2567.92
84 267 0.2 1.22 0.24 83 38.01 4.35 1.21 7311.6 3.4 20.82 2568.16
85 266 0.7 1.23 0.86 63.82 36.53 9.15 1.17 6955.8 11.16 21.68 2569.02
86 265 0.32 1.22 0.39 81.39 37.91 3.08 0.87 7422.9 5.62 22.07 2569.41
87 264 0.07 1.223 0.09 53.26 35.38 9.28 0.86 6899.7 1.2 22.16 2569.5
88 263 0.71 1.23 0.87 48.58 33.06 16.04 0.74 6353.4 11.16 23.03 2570.37
89 262 1.7 1.23 2.09 90.59 32.91 16.36 0.72 6326.9 29 25.12 2572.46
90 261 1.01 1.23 1.24 68.42 32.91 16.35 0.71 6327.8 16.4 26.36 2573.7
91 260 0.62 1.23 0.76 49.68 32.81 16.54 0.72 6308.5 9.6 27.12 2574.46
92 259 2.31 1.23 2.84 68.28 32.84 16.51 0.72 6312.5 37.28 29.96 2577.3
93 258 2.46 1.23 3.03 96.19 32.89 16.32 0.73 6325.8 43.8 32.99 2580.33
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94 257 0.12 1.233 0.15 35.69 35.12 12.39 1.06 6682.4 1.6 33.14 2580.48
95 256 0.23 1.22 0.28 98.13 37.28 7.43 1.6 7029.4 4.04 33.42 2580.76
96 255 0.67 1.244 0.84 43.05 36.53 9.03 0.82 7047.9 9.9 34.26 2581.6
97 254 2.41 1.248 3.01 91.01 37.6 6.32 0.72 7310.5 42.76 37.27 2584.61
98 253 1.15 1.249 1.44 87.02 37.68 6.25 0.68 7328.5 20.2 38.71 2586.05
99 252 1.29 1.247 1.6 86.12 37.37 7.06 0.74 7243.1 22.18 40.31 2587.65
100 251 3.54 1.248 4.42 69.68 38.01 5.98 0.79 7330.1 57.86 44.73 2592.07
101 250 6.79 1.249 8.48 87.14 37.66 6.38 0.7 7310.4 118.56 53.21 2600.55
102 249 0.59 1.239 0.73 45.22 36.6 9.53 0.93 6956.9 8.86 53.94 2601.28
103 248 0.78 1.243 0.96 53.67 37.8 7.32 0.98 7164.4 12.14 54.9 2602.24
104 247 2.33 1.249 2.91 57.14 38.74 5.78 0.97 7324.2 37.98 57.81 2605.15
105 246 0.16 1.242 0.19 53.42 38.52 5.74 1.11 7320.1 2.32 58 2605.34
106 245 0.4 1.24 0.49 66.43 38.72 5.37 1.27 7356.2 6.6 58.49 2605.83
107 244 0.33 1.239 0.41 79.01 37.88 6.86 1.1 7203 5.74 58.9 2606.24
108 243 0.52 1.24 0.64 68.85 37.93 6.52 1.03 7244.4 8.68 59.54 2606.88
109 242 0.48 1.247 0.6 56.78 38.1 6.14 0.88 7305.7 7.32 60.14 2607.48
110 241 1.16 1.245 1.44 80.37 37.67 7.07 0.92 7215.8 19.72 61.58 2608.92
111 240 1.03 1.247 1.29 92.04 38.17 6.08 0.85 7325.1 18.06 62.87 2610.21
112 239 1.03 1.247 1.29 76.55 38.75 5.12 0.96 7412.3 16.86 64.16 2611.5
113 238 1.81 1.244 2.26 73.37 38.21 6.27 1.06 7290.7 29.7 66.42 2613.76
114 237 1.84 1.246 2.29 90.36 38.62 5.43 0.99 7374.5 32.22 68.71 2616.05
115 236 0.53 1.246 0.67 84.07 37.08 8.7 0.71 7049.8 9.3 69.38 2616.72
116 235 0.7 1.242 0.87 82.26 35.93 11.27 1.05 6825.9 12.02 70.25 2617.59
117 234 0.38 1.25 0.48 65.59 38.75 5.89 1.13 7352.5 6.24 70.73 2618.07
118 233 0.86 1.249 1.07 81.49 37.86 8.07 1.12 7176.9 14.82 71.8 2619.14
119 232 0.68 1.244 0.84 82.03 35.99 11.11 1 6836.4 11.76 72.64 2619.98
120 231 0.53 1.247 0.66 72.43 36.8 9.7 1.05 7006.5 8.94 73.3 2620.64
121 230 0.63 1.241 0.78 84.08 35.91 11.22 1.1 6828.6 10.84 74.08 2621.42
122 229 0.81 1.242 1 75.62 36.96 9.18 1.21 7035.4 13.46 75.08 2622.42
123 228 0.53 1.234 0.66 72.63 35.98 10.66 1.2 6835.9 9 75.74 2623.08
124 227 0.77 1.243 0.96 70.94 36.58 10.13 1.11 6943.8 12.6 76.7 2624.04
125 226 0.71 1.246 0.88 80.87 36.78 10.25 1.13 6947.3 11.96 77.58 2624.92
126 225 0.72 1.248 0.9 78.71 38.17 7.35 1.23 7231.9 9.54 78.48 2625.82
127 224 0.73 1.25 0.91 64.61 38.28 7.04 1.15 7291.8 11.84 79.39 2626.73
128 223 0.77 1.25 0.96 80.21 38.26 6.86 1.1 7304.8 13 80.35 2627.69
129 222 1.11 1.25 1.39 73.38 37.98 7.18 1.03 7257.9 18.82 81.74 2629.08
130 221 0 0 0 0 0 0 0 0 0 81.74 2629.08
131 220 0.38 1.243 0.47 77.74 38.5 6.78 1.39 7254.1 6.36 82.21 2629.55
132 219 1.11 1.241 1.37 77.93 37.57 8.07 1.05 7125.1 18.92 83.58 2630.92
133 218 0.79 1.235 0.98 79.93 37.02 8.87 1.07 7025.1 13.56 84.56 2631.9
134 217 0.72 1.244 0.9 92.75 38.61 5.8 1.06 7333 12.72 85.46 2632.8
135 216 0.19 1.25 0.24 75.19 38.87 6.47 1.24 7332.7 3.06 85.7 2633.04
136 215 0.41 1.25 0.51 78.05 38.88 6.28 1.19 7339.3 6.98 86.21 2633.55
137 214 0.17 1.25 0.21 90.59 38.52 5.65 0.89 7400.9 3.02 86.42 2633.76
138 213 0.2 1.25 0.25 100 38.12 5.07 0.58 7461 3.6 86.67 2634.01
139 212 0.1 1.25 0.13 100 38.12 5.06 0.58 7457 1.8 86.8 2634.14
140 211 0.17 1.239 0.21 87.59 35.26 11.73 0.91 6781.1 2.78 87.01 2634.35
141 210 0.66 1.23 0.81 82.37 36.05 10.08 1.13 6865.8 11.44 87.82 2635.16
142 209 0.51 1.23 0.63 76.09 36.71 7.5 0.75 7071.2 8.8 88.45 2635.79
143 208 0.51 1.23 0.63 73.78 35.51 10.49 0.72 6835.3 8.56 89.08 2636.42
144 207 0.58 1.233 0.72 74.44 34.5 13.44 0.72 6591.5 9.8 89.8 2637.14
145 206 0.47 1.232 0.58 88.3 35.07 12.21 0.81 6703.8 8.28 90.38 2637.72
146 205 0.27 1.237 0.33 82.91 37.43 7.77 1.11 7065.2 4.62 90.71 2638.05
147 204 0.44 1.236 0.55 88.52 38.17 5.04 0.94 7312.3 7.66 91.26 2638.6
148 203 0.94 1.248 1.17 80.29 38.27 5.5 0.7 7366.2 15.96 92.43 2639.77
149 202 0.79 1.246 0.98 78.76 38.25 5.25 0.7 7379.8 13.44 93.41 2640.75
150 201 0.4 1.245 0.5 74.7 38.37 4.99 0.76 7410.5 6.78 93.91 2641.25
151 200 0.59 1.241 0.73 91.44 37.68 6.76 0.85 7209.7 10.4 94.64 2641.98
152 199 0.68 1.238 0.84 77.7 37.1 7.62 0.8 7112.5 11.4 95.48 2642.82
153 198 0.48 1.241 0.59 90.13 38.33 5.44 0.99 7294.4 8.28 96.07 2643.41
154 197 0.62 1.232 0.76 85.82 38.15 4.86 1.08 7333.4 10.58 96.83 2644.17
155 196 1.11 1.231 1.37 80.42 37.7 5.78 1.07 7237.6 19.28 98.2 2645.54
156 195 1.23 1.232 1.51 86.15 38.27 3.84 0.82 7410.7 21.48 99.71 2647.05
235
1 2 3 4 5 6 7 8 9 10 11 12 13
157 194 1.81 1.231 2.22 92.66 38.03 4.46 0.88 7357.3 31.98 101.92 2649.27
158 193 1.15 1.227 1.41 72.17 37.72 5.8 1.22 7218.6 19.36 103.34 2650.68
159 192 1.33 1.229 1.63 81.95 37.59 5.06 0.83 7285 23.02 104.97 2652.31
160 191 1.3 1.226 1.6 96.23 37.83 4.12 0.82 7347.4 23.2 106.57 2653.91
161 190 0.32 1.242 0.4 78.02 35.73 11.1 0.79 6847.4 5.42 106.97 2654.31
162 189 0.38 1.243 0.47 75.42 35.83 10.59 0.76 6886.2 6.4 107.44 2654.78
163 188 0.73 1.235 0.9 76.13 32.8 17.6 0.98 6226.9 12.6 108.34 2655.68
164 187 0.35 1.236 0.43 88.06 34.9 12.91 0.77 6638 6.18 108.77 2656.11
165 186 0.62 1.234 0.77 77.94 35.55 11.3 0.66 6820.5 10.74 109.54 2656.88
166 185 0.29 1.235 0.36 37.15 35.92 10.4 0.64 6909.9 4.16 109.9 2657.24
167 184 0.37 1.235 0.45 71.87 35.86 10.5 0.65 6899.9 6.2 110.35 2657.69
168 183 0.99 1.237 1.22 71.99 36.12 9.93 0.63 6952.6 16.7 111.57 2658.91
169 182 0.46 1.25 0.57 87.11 38.49 4.96 0.65 7404.9 8.02 112.14 2659.48
170 181 0.85 1.241 1.05 100 36.86 8.38 0.64 7089.1 15.3 113.19 2660.53
171 180 0.27 1.241 0.33 68.33 37.33 7.46 0.64 7193.7 4.26 113.52 2660.86
172 179 0.3 1.25 0.38 83.67 39.08 3.86 0.65 7514 5.18 113.9 2661.24
173 178 0.36 1.25 0.45 100 38.68 4.84 0.67 7381.6 6.48 114.35 2661.69
174 177 0.47 1.25 0.58 83.65 38.45 4.58 0.63 7436.9 8.12 114.93 2662.27
175 176 0.3 1.25 0.37 89.13 38.71 4.72 0.66 7412.9 5.26 115.3 2662.64
176 175 0.52 1.25 0.65 90.89 38.4 4.98 0.63 7386.3 9.16 115.95 2663.29
177 174 0.91 1.25 1.14 90.66 38.25 4.95 0.62 7399.5 15.96 117.09 2664.43
178 173 1.18 1.25 1.47 94.76 38.22 4.89 0.61 7411.9 20.8 118.56 2665.9
179 172 1.18 1.25 1.48 86.44 38.23 4.94 0.62 7400.7 20.44 120.04 2667.38
180 171 1.57 1.25 1.97 99.2 38.26 4.71 0.61 7438.5 28.26 122.01 2669.35
181 170 1.19 1.25 1.49 99.24 38.29 4.57 0.6 7463.5 21.4 123.5 2670.84
182 169 0.19 1.25 0.23 92.26 38.36 6.22 0.71 7183.2 3.3 123.73 2671.07
183 168 0.18 1.25 0.22 83.89 38.31 6.37 0.71 7167.9 3.02 123.95 2671.29
184 167 0.33 1.25 0.41 78.94 38.54 5.63 0.68 7268.9 5.66 124.36 2671.7
185 166 1.01 1.25 1.26 86.57 38.61 5.43 0.68 7296.6 17.58 125.62 2672.96
186 165 2.33 1.25 2.91 89.96 38.52 5.77 0.7 7249.7 40.78 128.53 2675.87
187 164 3.46 1.25 4.32 94.75 38.67 5.4 0.72 7294.4 61.48 132.85 2680.19
188 163 2.43 1.25 3.04 96.78 38.76 5.15 0.73 7325.2 43.4 135.89 2683.23
189 162 1.36 1.25 1.7 98.61 38.83 4.96 0.73 7348.9 24.42 137.59 2684.93
190 161 0.4 1.25 0.5 100 38.84 4.94 0.73 7350.5 7.2 138.09 2685.43
191 160 0 0 0 0 0 0 0 0 0 138.09 2685.43
nested pit 7  to 8
i 350 0 0 0 0 0 0 0 0 0 0 2685.43
68 349 0 0 0 0 0 0 0 0 0 0 2685.43
69 282 1.54 1.22 1.88 56.1 38.15 4.74 1.61 7293.2 24.2 1.88 2687.31
70 281 4.54 1.22 5.53 88.62 38.17 4.63 1.61 7303.9 79.08 7.41 2692.84
71 280 5.42 1.22 6.61 91.68 38.22 4.46 1.61 7321.9 95.2 14.02 2699.45
72 279 12.48 1.22 15.23 84.6 38.2 4.56 1.61 7310.9 215.8 29.25 2714.68
73 278 14.66 1.22 17.89 99.66 38.2 4.51 1.61 7316.8 263.66 47.14 2732.57
74 277 4.84 1.22 5.9 96.53 38.26 4.31 1.62 7336.4 86.64 53.04 2738.47
75 276 0.92 1.221 1.12 92.14 37.38 6.63 1.57 7127.6 16.2 54.16 2739.59
76 275 1.19 1.229 1.46 50.71 31.19 20.79 1.14 5923 18.04 55.62 2741.05
77 274 1.63 1.225 2 71.62 33.96 14.57 1.36 6451 26.76 57.62 2743.05
78 273 1.54 1.226 1.89 64.6 33.39 15.82 1.29 6345.7 24.44 59.51 2744.94
79 272 3.82 1.23 4.7 50.05 30.93 21.36 1.04 5878.8 58.4 64.21 2749.64
80 271 0.91 1.223 1.11 79.3 36.3 9.11 1.4 6922 15.16 65.32 2750.75
81 270 2.11 1.224 2.59 77.31 35.68 10.54 1.32 6797.8 35.86 67.91 2753.34
82 269 1.33 1.23 1.63 44.93 32.91 16.22 0.72 6334.3 20.08 69.54 2754.97
83 268 2.64 1.227 3.25 45.59 34.1 13.77 0.96 6536.1 39.28 72.79 2758.22
84 267 1.05 1.22 1.28 98.48 38.04 5.22 1.61 7243.6 18.74 74.07 2759.5
85 266 1.9 1.222 2.32 74.24 36.98 5.38 0.84 7238.8 31.62 76.39 2761.82
86 265 0.33 1.221 0.41 67.04 37.54 5.73 1.24 7198.4 5.52 76.8 2762.23
87 264 2.06 1.225 2.52 79.13 34.5 13.16 1.24 6576.8 35.32 79.32 2764.75
88 263 1.75 1.227 2.15 56.62 34.14 13.13 0.78 6595 27.88 81.47 2766.9
89 262 2.16 1.23 2.66 88.99 33.04 16.09 0.74 6348.2 37.2 84.13 2769.56
90 261 2.13 1.229 2.62 68.42 33.08 16 0.86 6347.1 34.16 86.75 2772.18
91 260 2.44 1.228 3 69.8 33.93 14.19 0.93 6498.8 40.1 89.75 2775.18
92 259 4.53 1.23 5.57 73.78 32.81 16.52 0.73 6309 75.16 95.32 2780.75
236
1 2 3 4 5 6 7 8 9 10 11 12 13
93 258 5.16 1.23 6.35 96.84 32.83 16.5 0.73 6311.9 92.3 101.67 2787.1
94 257 0.74 1.232 0.91 45.09 31.82 19.76 1.03 6046.4 10.34 102.58 2788.01
95 256 1.1 1.232 1.35 71.28 35.02 12.41 1.13 6686.2 18.28 103.93 2789.36
96 255 2.04 1.243 2.54 61.78 35.83 10.61 0.82 6918.9 32.4 106.47 2791.9
97 254 3.85 1.246 4.8 88.47 36.75 8.2 0.73 7137.4 67.46 111.27 2796.7
98 253 3.94 1.242 4.9 83.29 35.8 10.21 0.71 6935.1 67.96 116.17 2801.6
99 252 3.9 1.246 4.86 75.4 37.05 7.67 0.75 7177 65.6 121.03 2806.46
100 251 7.86 1.247 9.8 72.66 37.32 7.24 0.76 7209.3 130.96 130.83 2816.26
101 250 12.15 1.249 15.16 83.2 37.66 6.23 0.68 7317.9 210.02 145.99 2831.42
102 249 2.8 1.243 3.48 72.59 36.72 8.76 0.77 7048.5 46.24 149.47 2834.9
103 248 2.74 1.248 3.42 64.02 38.01 6.61 0.86 7249.8 45.2 152.89 2838.32
104 247 4.37 1.248 5.45 56.5 38.39 6.26 0.94 7265.3 68.82 158.34 2843.77
105 246 1.03 1.243 1.28 81 38.17 6 1 7274.7 17.88 159.62 2845.05
106 245 0.81 1.248 1.02 46.71 37.67 7.16 0.85 7223.9 12 160.64 2846.07
107 244 1.68 1.247 2.1 80.35 37.48 7.27 0.77 7212.2 28.88 162.74 2848.17
108 243 1.95 1.247 2.43 74.87 37.59 7.44 0.86 7180.8 33.06 165.17 2850.6
109 242 1.9 1.248 2.37 65.4 38.61 5.53 0.9 7387.6 30.4 167.54 2852.97
110 241 3.29 1.25 4.11 76.02 38.7 5.48 0.94 7401.7 55.44 171.65 2857.08
111 240 3.37 1.249 4.2 81.31 39.01 4.78 0.93 7482.9 57.88 175.85 2861.28
112 239 3.62 1.248 4.52 77.04 39.13 4.65 1.04 7474.7 60.5 180.37 2865.8
113 238 6.13 1.248 7.65 73.6 39.01 4.99 1.06 7449.4 101.5 188.02 2873.45
114 237 11.1 1.249 13.87 80.08 39.17 4.36 0.95 7509.8 191.64 201.89 2887.32
115 236 1.33 1.241 1.65 81.22 37.6 7.51 1.09 7159.6 22.82 203.54 2888.97
116 235 2 1.247 2.5 77.48 38.7 6.45 1.27 7341.8 33.84 206.04 2891.47
117 234 1.39 1.243 1.73 71.15 38.29 7.98 1.56 7196 23 207.77 2893.2
118 233 1.45 1.247 1.81 69.62 38.01 8.13 1.32 7173.7 23.62 209.58 2895.01
119 232 2.2 1.242 2.73 75.74 37.52 9.42 1.54 7052.8 37.52 212.31 2897.74
120 231 1 1.242 1.25 56.31 38.91 7.24 1.9 7256 15.52 213.56 2898.99
121 230 1.36 1.239 1.69 70.89 38.06 8.12 1.64 7142.6 21.46 215.25 2900.68
122 229 1.15 1.233 1.41 76.13 36.25 9.69 1.1 6923.8 19.4 216.66 2902.09
123 228 1.17 1.229 1.44 69.39 35.91 10.94 1.3 6798.2 16.54 218.1 2903.53
124 227 2.15 1.229 2.64 77.37 37.72 7.34 1.46 7120.3 36.66 220.74 2906.17
125 226 0.91 1.241 1.13 60.15 36.47 10.65 1.22 6909.9 14.72 221.87 2907.3
126 225 0.9 1.242 1.12 68.59 35.8 11.69 1.03 6814.4 14.82 222.99 2908.42
127 224 1.04 1.236 1.29 68.7 36.11 11.05 1.23 6840.9 17.12 224.28 2909.71
128 223 0.49 1.235 0.61 72.2 34.19 14.53 0.95 6522.2 8.2 224.89 2910.32
129 222 1.21 1.242 1.5 71.89 36.96 9.45 1.14 7012.8 20.12 226.39 2911.82
130 221 0 0 0 0 0 0 0 0 0 226.39 2911.82
131 220 1.5 1.24 1.86 70.91 36.57 10.1 1.12 6945 25.3 228.25 2913.68
132 219 1.08 1.24 1.34 62.69 36.03 11.3 1.12 6842.8 17.5 229.59 2915.02
133 218 1.32 1.238 1.63 84.58 36.13 10.73 0.97 6882.6 22.68 231.22 2916.65
134 217 1.84 1.239 2.27 76.12 36.65 9.78 1.01 6974.6 29.72 233.49 2918.92
135 216 1.57 1.242 1.95 66.12 35.84 11.71 1.05 6811.5 25.54 235.44 2920.87
136 215 1.47 1.239 1.82 77.06 34.93 13.28 0.99 6651.9 24.84 237.26 2922.69
137 214 1.13 1.239 1.41 63.3 35.67 11.55 0.94 6804.6 15.4 238.67 2924.1
138 213 2.51 1.238 3.1 74.85 34.92 13.02 0.96 6663.3 42.38 241.77 2927.2
139 212 2.05 1.238 2.54 69.32 35.17 12.57 0.96 6708.2 33.94 244.31 2929.74
140 211 2.31 1.236 2.86 78.22 34.09 14.62 0.9 6513.3 38.98 247.17 2932.6
141 210 2.22 1.234 2.74 72.7 34.19 14.26 0.89 6534.4 37.24 249.91 2935.34
142 209 2.87 1.238 3.55 71.15 34.82 13.15 0.87 6655.5 47.68 253.46 2938.89
143 208 3.59 1.237 4.43 73.67 34.53 13.59 0.83 6610.2 60.3 257.89 2943.32
144 207 3.78 1.235 4.67 70.86 33.88 14.91 0.83 6482.2 63 262.56 2947.99
145 206 5.48 1.235 6.77 72.33 34.17 14.19 0.79 6548.1 92.1 269.33 2954.76
146 205 4.78 1.235 5.9 81.7 34.23 14.06 0.79 6559.5 81.86 275.23 2960.66
147 204 2.78 1.239 3.45 79.09 35.74 11.04 0.83 6843.7 47.32 278.68 2964.11
148 203 1.54 1.245 1.92 65.94 38.17 6.2 0.92 7301.4 24.66 280.6 2966.03
149 202 . 1.36 1.245 1.69 69.09 38.13 5.96 0.84 7318.5 22.38 282.29 2967.72
150 201 0.88 1.245 1.09 65.02 37.05 8.75 0.87 7079.2 14.12 283.38 2968.81
151 200 1.09 1.244 1.36 59.94 36.83 8.83 0.83 7064 17.62 284.74 2970.17
152 199 2.2 1.241 2.72 74.82 36.42 9.7 0.85 6975.5 37.46 287.46 2972.89
153 198 0.52 1.243 0.65 63.75 38.15 5.37 0.83 7349.8 8.56 288.11 2973.54
154 197 0.45 1.234 0.56 76.44 37.32 6.44 0.85 7204.2 7.66 288.67 2974.1
155 196 0.85 1.243 1.05 76.81 38.7 5.39 1.07 7344 14.46 289.72 2975.15
156 195 0.23 1.223 0.28 58.72 35.64 9.68 1.11 6855.8 3.8 290 2975.43
237
1 2 3 4 5 6 7 8 9 10 11 12 13
157 194 0.46 1.229 0.57 91.37 38.24 3.94 0.94 7388.5 8.12 290.57 2976
158 193 0.6 1.228 0.74 89.07 38.22 3.8 0.96 7396 10.48 291.31 2976.74
159 192 0.76 1.227 0.94 83.32 37.56 5.28 0.97 7263.1 13.2 292.25 2977.68
160 191 0.9 1.223 1.1 89.36 38.04 4.01 1.12 7350.6
00 293.35 2978.78
161 190 1.82 1.222 2.22 95.72 38.01 4.51 1.27 7296.9 32.48 295.57 2981
162 189 1.68 1.22 2.05 95.22 37.8 3.84 0.93 7345.9 29.8 297.62 2983.05
163 188 1.97 1.22 2.4 92.73 37.95 4.01 1.1 7330.6 34.8 300.02 2985.45
164 187 1.02 1.223 1.25 98.42 37.94 3.54 0.85 7388.9 18.2 301.27 2986.7
165 186 0.49 1.232 0.6 89.71 35.89 9.53 0.8 6934.5 8.4 301.87 2987.3
166 185 0.86 1.236 1.06 65.13 33.31 16.38 0.93 6353.7 14.28 302.93 2988.36
167 184 0.5 1.244 0.62 78.72 37.07 7.9 0.68 7127.5 8.4 303.55 2988.98
168 183 0.87 1.246 1.08 82.38 37.82 6 0.62 7334 14.82 304.63 2990.06
169 182 1.29 1.247 1.61 91.3 37.92 5.56 0.61 7383.5 22.8 306.24 2991.67
170 181 1.29 1.242 1.6 86.8 37.01 7.71 0.63 7168.6 22.24 307.84 2993.27
171 180 0.83 1.242 1.03 75.1 36.95 7.96 0.64 7135.6 13.74 308.87 2994.3
172 179 1.18 1.238 1.46 81.37 36.33 9.21 0.63 7028.1 20.44 310.33 2995.76
173 178 0.49 1.247 0.61 79.92 37.99 5.26 0.61 7413.5 8.08 310.94 2996.37
174 177 0.26 1.25 0.32 89.38 38.21 4.86 0.6 7440.1 4.52 311.26 2996.69
175 176 0.44 1.25 0.55 83.73 38.5 4.58 0.63 7457.9 7.52 311.81 2997.24
176 175 0.19 1.25 0.24 74.74 38.91 3.91 0.63 7531.3 3.18 312.05 2997.48
177 174 0.5 1.25 0.63 90.4 38.71 4.23 0.63 7489.2 8.76 312.68 2998.11
178 173 1.15 1.25 1.43 89.98 38.94 4.05 0.66 7497.5 20.06 314.11 2999.54
179 172 1.77 1.25 2.22 94.4 39.1 3.95 0.7 7501 31.56 316.33 3001.76
180 171 2.02 1.25 2.52 98.79 39 4.02 0.67 7494 36.26 318.85 3004.28
181 170 1.66 1.25 2.07 94.88 38.8 4.24 0.65 7470.4 29.56 320.92 3006.35
182 169 1.89 1.25 2.36 84.24 38.6 4.23 0.62 7485.2 32.54 323.28 3008.71
183 168 2.3 1.25 2.87 97.16 38.58 4.3 0.62 7477.1 41.1 326.15 3011.58
184 167 1.78 1.25 2.23 97.15 38.44 4.52 0.62 7452.6 31.9 328.38 3013.81
185 166 1.32 1.25 1.65 85.37 38.36 4.76 0.63 7419.7 23.06 330.03 3015.46
186 165 1.82 1.25 2.27 97.04 38.42 4.9 0.65 7393.6 32.4 332.3 3017.73
187 164 1.33 1.25 1.66 97.95 38.38 5.05 0.65 7375.1 23.8 333.96 3019.39
188 163 0.8 1.25 1 90 38.38 6.17 0.71 7192.6 14.02 334.96 3020.39
189 162 1.25 1.25 1.56 92.57 38.58 5.64 0.72 7259.4 21.86 336.52 3021.95
190 161 1.42 1.25 1.77 84.01 38.67 5.39 0.72 7291.7 24.34 338.29 3023.72
191 160 1.3 1.25 1.63 98.15 38.75 5.18 0.73 7317.5 23.28 339.92 3025.35
192 159 0.8 1.25 1 98.88 38.84 4.94 0.73 7349.6 14.38 340.92 3026.35
193 158 0.13 1.25 0.16 100 38.87 4.87 0.73 7358.6 2.34 341.08 3026.51
194 157 0 0 0 0 0 0 0 0 0 341.08 3026.51
nested 3it 8 to 9
i 350 0 0 0 0 0 0 0 0 0 0 3026.51
67 349 0 0 0 0 0 0 0 0 0 0 3026.51
68 283 0.02 1.22 0.02 20 38.33 3.96 1.62 7372 0.2 0.02 3026.53
69 282 1.33 1.22 1.62 82.78 38.33 3.96 1.62 7372.3 23 1.64 3028.15
70 281 2.63 1.22 3.21 92.22 38.36 3.85 1.62 7384 46.52 4.85 3031.36
71 280 3.04 1.22 3.71 93.82 38.36 3.9 1.62 7379.1 53.64 8.56 3035.07
72 279 4.04 1.22 4.93 93.66 38.35 3.98 1.62 7370.5 72 13.49 3040
73 278 2.62 1.22 3.2 97.94 38.34 4.01 1.62 7367.8 47 16.69 3043.2
74 277 0.96 1.22 1.17 87.92 38.29 3.9 1.58 7376.8 16.8 17.86 3044.37
75 276 1.01 1.221 1.24 87.25 37.06 7.05 1.55 7103.6 17.36 19.1 3045.61
76 275 1.02 1.224 1.25 74.75 35.31 11.22 1.39 6743.7 17.2 20.35 3046.86
77 274 1.35 1.224 1.65 75.04 35.1 11.54 1.37 6714.8 22.48 22 3048.51
78 273 1.59 1.226 1.95 69.16 34.03 14.15 1.27 6493.6 26.2 23.95 3050.46
79 272 0.81 1.226 0.99 67.45 33.94 13.86 1.04 6524.5 13.4 24.94 3051.45
80 271 0.95 1.223 1.16 78.74 36.16 9.18 1.36 6917.4 15.96 26.1 3052.61
81 270 1.13 1.224 1.38 74.36 35.47 10.86 1.31 6773.8 18.94 27.48 3053.99
82 269 0.66 1.225 0.81 59.27 35.05 11.17 0.99 6756.4 10.3 28.29 3054.8
83 268 0.73 1.223 0.9 66 36.66 7.98 1.35 7019 12.02 29.19 3055.7
84 267 1.37 1.224 1.68 73.97 37.64 5.61 1.29 7229.4 23 30.87 3057.38
85 266 2.14 1.225 2.62 79.53 37.04 6.57 1.08 7151.1 36.36 33.49 3060
86 265 0.74 1.22 0.9 73.4 37.69 4.18 1.02 7332.4 12.18 34.39 3060.9
87 264 1.73 1.224 2.11 80.27 35.96 9.97 1.35 6846.4 29.02 36.5 3063.01
88 263 1.87 1.227 2.3 76.36 34.88 11.78 0.95 6706.2 31.6 38.8 3065.31
89 262 1.33 1.227 1.63 80.26 34.11 13.86 0.98 6526.6 22.76 40.43 3066.94
238
1 2 3 4 5 6 7 8 9 10 11 12 13
9C 261 2.17 1.227 2.66 75.27 34.27 13-57 1.03 6552.3 36.2 4 3 .OS 3069.6
91 260 6.09 1.224 7.46 73.77 36.27 9.4 1.28 6899.4 99.4é 50.55 3077.06
92 259 2.49 1.228 3.06 85.58 34.21 13.51 0.9 6563.7 43.08 53.61 3080.12
93 258 0.93 1.228 1.14 68.83 32.35 17.99 1.03 6173.4 15.42 54.75 3081.26
94 257 1.56 1.233 1.92 62.56 33.46 16.3 1.09 6359 25.04 56.67 3083.18
95 256 1.11 1.229 1.36 73.61 34.09 14.48 1.2 6481.3 18.32 58.03 3084.54
96 255 1.94 1.24 2.41 64.13 35.86 10.39 0.88 6912.8 31.44 60.44 3086.95
97 254 3.48 1.237 4.31 80.63 34.82 13.09 0.99 6672 59.44 64.75 3091.26
98 253 3.27 1.241 4.05 77.51 35.98 9.8 0.76 6967.3 55.16 68.8 3095.31
99 252 3.08 1.241 3.82 69.34 36.28 9.39 0.85 6998.3 50.8 72.62 3099.13
100 251 4.4 1.241 5.46 70.28 36.55 8.92 0.87 7029.3 72.1 78.08 3104.59
101 250 11.27 1.236 13.93 76.68 33.68 16.1 1.03 6405.4 190.44 92.01 3118.52
102 249 3.51 1.234 4.33 62.12 34.08 13.97 0.81 6541.6 55.64 96.34 3122.85
103 248 1.57 1.242 1.95 66.04 37.44 7.27 0.91 7170.3 25.26 98.29 3124.8
104 247 2.35 1.239 2.91 68.94 37.45 7.6 1.09 7106.1 38.86 101.2 3127.71
105 246 2.6 1.232 3.2 66.24 33.23 15.66 0.86 6372.6 42.72 104.4 3130.91
106 245 2.24 1.242 2.78 59.91 36.58 9.11 0.92 7007.9 36.02 107.18 3133.69
107 244 1.75 1.241 2.17 76.18 36.7 8.73 0.91 7042.8 29.52 109.35 3135.86
108 243 2.63 1.24 3.26 79.22 37.88 6.91 1.15 7201.1 45.24 112.61 3139.12
109 242 2.98 1.246 3.71 80.75 38.47 5.65 0.95 7366 50.76 116.32 3142.83
110 241 4.54 1.247 5.67 74.76 37.87 7.03 0.96 7230.9 76.48 121.99 3148.5
111 240 4.76 1.245 5.93 82.82 38.26 6.56 1 7308.1 82.16 127.92 3154.43
112 239 3.28 1.245 4.09 81.28 38.53 5.83 1.09 7345.6 56.14 132.01 3158.52
113 238 3.95 1.245 4.92 71.9 38.34 6.07 1.02 7324.3 66.24 136.93 3163.44
114 237 6.99 1.246 8.71 76.32 38.39 5.93 1.03 7331.9 118.42 145.64 3172.15
115 236 9.29 1.247 11.58 73.34 37.43 8.95 1.17 7081.4 156.76 157.22 3183.73
116 235 8.98 1.247 11.2 91.92 38.54 7.24 1.26 7301.6 158.82 168.42 3194.93
117 234 2.32 1.237 2.87 83.53 38.2 7.18 1.37 7200.6 39.78 171.29 3197.8
118 233 4.41 1.228 5.42 78.73 37.41 7.81 1.41 7056.7 75.18 176.71 3203.22
119 232 8.18 1.227 10.03 90 37.57 7.53 1.56 7055.7 143.46 186.74 3213.25
120 231 12.48 1.235 15.41 85.83 38.33 7.21 1.75 7163.2 217.12 202.15 3228.66
121 230 6.45 1.235 7.97 95.93 38.19 7.13 1.64 7169.1 114.68 210.12 3236.63
122 229 2.58 1.232 3.18 90.55 37.44 7.11 1.2 7132.5 45.4 213.3 3239.81
123 228 2.4 1.23 2.95 82.75 37.12 8.02 1.25 7022.6 41.2 216.25 3242.76
124 227 2.34 1.233 2.89 87.81 37.44 7.43 1.21 7098.9 40.9 219.14 3245.65
125 226 2.32 1.234 2.87 87.38 37.81 6.56 1.11 7181.9 40.5 222.01 3248.52
126 225 2.06 1.233 2.54 84.2 37.5 6.7 1.1 7181 35.42 224.55 3251.06
127 224 2.63 1.237 3.25 87.14 37.88 6.28 1.02 7259.5 45.76 227.8 3254.31
128 223 3.2 1.237 3.96 87.83 37.75 6.39 0.93 7221.3 56.14 231.76 3258.27
129 222 1.87 1.237 2.31 81.62 37.72 6.45 1.01 7209.4 32.1 234.07 3260.58
130 221 0 0 0 0 0 0 0 0 0 234.07 3260.58
131 220 1.98 1.233 2.44 89.11 37.62 6.75 1.13 7153.5 29.92 236.51 3263.02
132 219 2.15 1.228 2.64 73.65 36.17 9.46 1.09 6919.7 28.64 239.15 3265.66
133 218 2.56 1.237 3.17 75.87 35.58 11.08 0.92 6828.8 42.58 242.32 3268.83
134 217 2.61 1.237 3.22 78.77 36.8 8.4 0.95 7075.4 37.24 245.54 3272.05
135 216 2.89 1.24 3.59 81.29 38.03 6.66 1.13 7193.2 49.52 249.13 3275.64
136 215 3.55 1.239 4.4 87.08 37.89 6.63 1.03 7219.5 62.04 253.53 3280.04
137 214 1.86 1.237 2.3 85.4 37.41 7.37 1 7147.5 32.1 255.83 3282.34
138 213 2.03 1.236 2.51 76.21 36.96 8.05 1.02 7099.2 34.52 258.34 3284.85
139 212 2.29 1.234 2.83 86.78 37.25 7.23 1.08 7164.5 39.6 261.17 3287.68
140 211 2.49 1.231 3.07 81.89 36.55 8.38 0.97 7009.9 42.86 264.24 3290.75
141 210 1.64 1.235 2.03 83.01 37.42 6.47 0.85 7171.8 28.38 266.27 3292.78
142 209 1.5 1.237 1.85 74.3 37.49 7.39 1.05 7121 21.92 268.12 3294.63
143 208 3.51 1.233 4.33 86.41 35.89 10.23 0.89 6890.8 61.24 272.45 3298.96
144 207 2.75 1.232 3.38 83.69 36 9.43 0.85 6963.1 47.24 275.83 3302.34
145 206 3.03 1.228 3.72 77.36 34.61 12.47 0.83 6660.2 51.48 279.55 3306.06
146 205 2.92 1.232 3.6 79.03 34.59 12.91 0.81 6637.6 49.6 283.15 3309.66
147 204 3.19 1.235 3.93 84.98 36.45 8.91 0.91 7000 55.12 287.08 3313.59
148 203 2.73 1.234 3.37 89.87 37.23 6.66 0.9 7211.4 47.68 290.45 3316.96
149 202 1.78 1.233 2.2 79.41 36.76 7.39 0.77 7129.3 30.12 292.65 3319.16
150 201 2.39 1.239 2.97 81.47 37.1 7.43 0.77 7174.6 40.8 295.62 3322.13
151 200 2.74 1.238 3.39 73.75 37.04 7.78 0.9 7121.7 45.54 299.01 3325.52
152 199 4.76 1.238 5.9 79.33 36.24 9.61 0.89 6945.1 81.58 304.91 3331.42
153 198 2.57 1.235 3.17 88.05 37.64 5.91 0.89 7250.5 45.04 308.08 3334.59
239
1 2 3 4 5 6 7 8 9 10 l i 12 13
154 197 2.56 1 3 3 6 3.16 72.81 36.97 7.69 0.84 7137.4 42.9 311.24 3337.75
155 196 3-27 1 3 3 6 4.04 8 3 3 4 3 7 3 4 7 3 4 0.94 7178.6 5 6 3 8 315.28 3341.79
156 195 ? 71 1 3 3 6 2.75 9 0 3 2 37.87 4.72 0.74 7400.9 38.92 318.03 3 3 4 4 3 4
157 194 3 1 3 3 4 3.7 82.11 36.7 7 3 5 0.77 7171.3 51.7 321.73 3348.24
158 193 3.63 1 3 4 4.5 8 3 3 3 7 3 6.65 0.76 7 3 2 4 3 62.36 326.23 3352.74
159 192 3.92 1 3 4 4.85 89.98 37.79 5 3 1 0.69 7404.2 68.72 331.08 3357.59
160 191 3.91 1 3 3 9 4.84 90.71 37.61 5.67 0.7 7 3 4 7 3 68.9 335.92 3362.43
161 190 3 3 9 1 3 3 8 4 3 83.46 36.99 7 3 0.83 7 1 7 3 3 5 8 3 2 340.12 3366.63
162 189 3 2 1 1 3 3 6 3.97 89.85 37.87 4.93 0.82 7372.6 56.36 344.09 3370.6
163 188 3.78 1 3 3 4 4.67 89.18 37.84 4.77 0.77 7383.6 66.22 348.76 3375.27
164 187 3.94 1 3 3 1 4.85 84.08 3 7 3 3 5.45 0.85 7291 67.6 353.61 3380.12
165 186 5.13 1 3 2 9 6 3 1 8 8 3 5 37.9 4.12 0.82 7389.9 89.68 359.92 3386.43
166 185 6.07 1 3 2 8 7.45 8 7 3 7 37.68 4.87 0.92 7311.4 105.82 367.37 3393.88
167 184 7.7 1 3 2 9 9.46 8 9 3 3 37.74 4.8 0.9 7314.9 134.32 376.83 3403.34
168 183 11.31 1 3 2 6 13.86 81.97 37.9 4 3 9 0.98 7339.9 1 9 3 3 6 390.69 3417.2
169 182 15.83 1 3 2 3 1 9 3 5 9 1 3 1 37.96 3 3 4 0.89 7384.7 279.24 410.04 3436.55
170 181 1 7 3 8 1 3 2 3 2 1 3 6 97.07 37.8 3.89 0.86 7360.1 310.66 431.3 3457.81
171 180 11.54 1 3 2 5 14.14 9 6 3 3 37.72 4 3 3 0.85 7331.7 205.72 445.44 3471.95
172 179 3.99 1 3 3 6 4.92 8 6 3 2 3 7 3 1 6.4 0.76 7206.7 68.96 450.36 3476.87
173 178 2.67 1 3 4 5 3 3 3 78.91 3 7 3 7 3 6 0.67 7 2 0 1 3 45.68 453.69 3480.2
174 177 4 3 2 1 3 4 2 5.61 77.92 36.12 9.65 0.72 6972 76.98 459.3 3485.81
175 176 3 3 3 1 3 4 2 4.13 74.03 3 6 3 1 9.66 0.71 6955.3 54.36 463.43 3489.94
176 175 4 3 8 1 3 4 5.43 74.72 35.17 12.14 0.82 6724.6 72.98 468.86 3495.37
177 174 4.6 1.24 5.7 77 35.1 12.4 0.8 6701 77.62 474.56 3501.07
178 173 2.85 1341 3-54 72.09 36.73 8.49 0.66 7058.9 47.02 478.1 3504.61
179 172 5.78 1 3 3 7 7.14 73.97 35.81 1 0 3 2 0.65 6876.7 96.82 485.24 3511.75
180 171 3.83 1 3 4 4.75 78.9 3 6 3 4 8.94 0.65 7029.1 64.92 489.99 3516.5
181 170 4 3 2 1 3 4 2 5 3 7 75.07 36.96 7.99 0.65 7117.9 72.96 4 9 5 3 6 3521.87
182 169 2 3 6 1 3 4 9 3 3 94.12 3 8 3 9 4.93 0.65 7407.3 45.42 498-56 3525.07
183 168 2 1 3 5 2 3 9 3 3 5 3 8 3 5 4.62 0.65 7 4 2 5 3 35.42 501.06 3527.57
184 167 2.22 1 3 5 2.78 9 2 3 1 38.49 4.62 0.64 7422.9 39.14 503.84 3530.35
185 166 2.91 1 3 5 3.64 93.04 3 8 3 7 4 3 1 0.61 7481.3 5 1 3 6 507.48 3533.99
186 165 3.61 1 3 5 4 3 1 93.05 38.62 4.26 0.62 7469.7 63.72 511.99 3538.5
187 164 3.07 1 3 5 3.84 90.78 3 8 3 9 4.7 0.61 7437.4 5 3 3 6 515.83 3542.34
188 163 2.99 1 3 5 3.74 9 6 3 6 38.19 4.69 0.6 7447.1 5 3 3 2 5 1 9 3 7 3546.08
189 162 3.26 1 3 5 4.07 92.64 3 8 3 2 4.66 0.61 7 4 4 0 3 57.62 523.64 3550.15
190 161 3 3 3 1.25 4.16 92.88 38.17 4.8 0.61 7428.3 59.04 527.8 3554.31
191 160 4.14 1 3 5 5.18 9 3 3 8 3 8 3 4.79 0.61 7421.7 73.12 532.98 3559.49
192 159 4 3 4 1 3 5 5.68 93.13 3 8 3 5 4.75 0.62 7424.9 80.28 538.66 3565.17
193 158 4 3 4 1 3 5 5.67 85.65 3 8 3 7 4.73 0.62 7421.1 7 8 3 544.33 3570.84
194 157 4.69 1 3 5 5.86 9 3 3 2 3 8 3 6 4.69 0.62 7 4 2 7 3 82.78 550.19 3576.7
195 156 4.81 1 3 5 6.01 93.98 38.19 4 3 2 0.6 7452.1 84.88 556.2 3582.71
196 155 4.86 1 3 5 6.08 9 0 3 38.17 4.44 0.6 7458.9 8 5 3 6 562.28 3588.79
197 154 5.8 1 3 5 7 3 5 90.68 38.1 4 3 9 0 3 8 7 4 8 4 3 101.7 5 6 9 3 3 3596.04
198 153 7.94 1 3 5 9.92 90.48 38.02 4.12 0 3 6 7513 139.18 579.45 3605.96
199 152 8 3 8 1 3 5 10.48 99.42 38.01 4.1 0 3 6 7516.4 150.72 589.93 3616.44
200 151 6.27 1 3 5 7.84 99.01 38.01 4.1 0 3 5 7518.7 112.66 597.77 3624.28
201 150 1.52 1.25 1.9 100 38 4.05 0.6 7530 27.36 599.67 3626.18
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